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THE ANTIPROTEOLYTIC ENZYME OF ASCARIS 
LUMBRICOIDES VAR. SUIS 


By JAMES HENDERSON SANG 
Department of Zoology, Marischal College, Aberdeen 


(With 7 Figures in the Text) 


I. INTRODUCTION 


WorkING on the effects of nematode infestation on the metabolism of the sheep, 
Stewart (1932) found that in heavily infested hosts there was a 20°% lowering 
in protein utilization. This decrease he found to be due, at least in part, to the 
antiproteolytic substance or substances produced by the parasites. 

The isolation of a substance from Ascaris capable of inhibiting both peptic 
and tryptic digestion was first effected by Weinland (1903), who came to the 
conclusion that the inhibitor acted by combining with the enzyme and that 
its function was to prevent the destruction of the parasite by the host’s 
digestive juices. On repeating Weinland’s work, Dastre & Stassano (1904) 
decided that the extract was antikinastic in action but this result was dis- 
proved by Hamill (1906), who confirmed Weinland’s results. Fetterolf (1907) 
reported the presence of a similar substance in extracts of Taenia saginata. 
Nishimura (1928) reported that the antitryptic effect could be obtained from 
glycerine, water or ether extracts of Ascaris and, in 1932, Harned & Nash made 
use of the anti-enzyme in an unsuccessful attempt to prevent the digestion of 
insulin when given by mouth. In the same year Stewart (1932) found that 
the extracts of worms from the fourth stomach and intestine of the sheep 
contain a substance capable of inhibiting pepsin, but in this as in the previous 
work no attempt was made to find the quantitative relationships obtaining in 
the reaction or to evaluate the significance of this inhibitory substance in the 
economy of the worm. Since the anti-enzyme has none of the properties of a 
true Erlich antibody, Stewart suggests the use of the term “nezyme” for such 
antiproteases, but as the term anti-enzyme is in general use in the literature 
concerning naturally occurring enzyme inhibitors it will be retained throughout 
this paper. 

II. MATERIALS AND METHODS 

Ascaris lumbricoides var. suis was used for all experiments; the worms being 
collected in warm saline, wiped with alcohol and weighed; the extract being 
prepared by cutting up the worms, grinding them with sand in a mortar to a 
pasty mass and left standing covered with saturated chloroform water for 
3 days. The extract was filtered through gauze, paper and finally through a 
Berkfeld filter to ensure sterility. In the later preparations the second filtrate 
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was acidified with hydrochloric acid and boiled; this, in addition to sterilizing 
the extract, precipitated part of the dissolved protein. The extract was cooled, 
neutralized, filtered through paper and kept for use. 

To get accurate quantitative data on the amount of digestion taking place, 
Sorensen’s (1909) method of amino-acid estimation was used. The composition 
of the digestion mixtures is shown in the tables and to each tube was added a 
few drops of toluol as an antiseptic. 5 c.c. samples were removed and to these 
were added 1 ¢.c. neutral formol and 0-5 c.c. cresol red. Titration was carried 
out to pH 8-6—using a comparator—with decinormal sodium hydroxide con- 
taining a similar concentration of indicator. The tubes were then incubated 
at 38° C. and samples removed at intervals for analysis. The amount of hydro- 
lysis occurring during these intervals was calculated by subtracting the titration 
figure from the blank and multiplying by 1-4; 1 c.c. 0-1 N NaOH being equi- 
valent to 1-4 mg. amino-acids. 


0-8 
o = Trypsin 
x= Pepsin 
e = Papain 
oN , 
L = | 
40 60 80 100 


b 4 
a 
qT 


g. Ascaris per c.c. digest 
o 
te 
T 


j=) 
: 

id 
T 


i 


120 140 160 180 
Percentage digestion 





0-0 
20 





Fig. 1. The effect of the extract on the rate of digestion by pepsin, trypsin and papain. 


As substrates for the experiments, casein and peptone were used in 5% 
solution and the pepsin, trypsin and papain were used i in 1% solution prepared 
freshly for each experiment. 

III. ExpERIMENTS 
(a) Anti-enzyme effect 

As no quantitative data had been obtained in the previous researches on 
this subject a preliminary series of experiments was carried out to see if 
Ascaris extract gave results similar to those obtained by Stewart (1932) with 
Haemonchus. The inhibitory effect was tested on pepsin, trypsin and papain, 
following the experimental procedure adopted by Stewart. The results obtained 
with pepsin and trypsin did not, however, give evidence of inhibition in every 
case, while no inhibition was obtained with papain (Fig. 1). 
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From these results it would seem that there is an inhibitory substance 
present in the extract and that increasing quantities have a correspondingly 
greater effect. The inhibition has, however, a definite maximum which is at 
different levels for the two enzymes, and beyond this increase in inhibitor 
causes an increase in digestion to above the maximum level of inhibition. It is 
perhaps with this latter property that we are dealing in the case of papain. 
This increase suggested that the anti-enzyme was specific for those proteases 
with which the worm would come in contact in its natural environment, and 
for this reason trypsin was used as the test enzyme in the experiments which 
follow. 

It may be objected that extraction with chloroform water may have in- 
fluenced the results, as it is well known that chloroform is injurious to pepsin, 
but extracts made without chloroform and extracts which had been boiled in 
acid solution gave results similar to those quoted. 

Repetition of Stewart’s experiments in which the course of inhibition over a 
period of time is noted gave close agreement with his results. 
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(b) Mode of action of anti-enzyme 


Decrease in the activity of an enzyme may be brought about either by 
inactivation or inhibition. 

Inactivation may be caused by organic enzyme poisons such as cysteine 
which has been found by Grassman et al. (1930) to activate enzymes of the 
yeast protease type but to inhibit trypsin and the di- and polypeptidases. 
Further examples of this type are given by Quastel (1936), who discusses their 
possible mode of action. Destruction of the enzyme or its carrier by a protease 
(Tauber, 1935) is the second form of inactivation, whilst, in the case of trypsin, 
displacement of the enterokinase from the trypsinogen by the cleavage products 
of egg-white (Balls & Swenson, 1934) gives the third type. Alteration of pH 
has been shown by Bayliss (1919) to be the cause of inactivation in the case of 
Hildebrandt’s (1893) specific anti-emulsin and by Thaysen (1915) for Hedin’s 
(1912) antirennet. 

Inhibition, by which is meant the prevention of the formation of the 
enzyme-substrate compound, may be caused by the inhibitor combining with 
the enzyme and thus depriving the substrate of its full quota of enzyme. This is 
given as the cause of inhibition by the products of digestion (Northrop, 1922 
and of peptic inhibition by the fatty acids (Velluz, 1927). Tauber & Kleiner 
(1931) have shown that urease combines with the active fraction of trypsin 
irreversibly and’ Hussey & Northrop (1923) found that the antitrypsin of 
normal blood combined with trypsin according to the law of mass action, the 
compound thus formed being inactive. Finally, the removal of part of the 
substrate either by adsorption or compound formation is believed by Buchner 
& Haehn (1910) to be the way in which the inhibitor of yeast protects casein 
and gelatine from the action of yeast endotrypsin. 
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The experiments which follow were planned to discover whether the in- 
hibitory action of the Ascaris extract was due to any of the above types of 
reaction and it was obvious that by varying the different components of the 
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digestion mixtures some light would be thrown on this problem. 


Varying the extract. The procedure employed in this series has already been 
described. Phosphate and phthalate buffers were used sparingly as it has been 
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suggested that they may interfere with the titration method. They were added 
to the tubes in undiluted form so that the concentration obtained was the one 
required. The results of a typical experiment are given in Table I and Fig. 2. 


1 £ 
9 Z 
3 & 
+ > 
. x 
6 6s 
7 #s 
8 N 
9 Nil 


Fig. 


buffer pH 8 


09 c.c. 


to 


1-6 x = 24 hour period 
. Somte w ; 
e=120 ,, : 
1°4-- 
1-2 
1-0 
. 
0-8 





0°6 


Amino-acid formed (mg.) 





s% 
0-2 s . 


L l 





1 





0-0 


we 


0 10 15 


c.c,. extract used 


20 


Varying the extract with the quantity of trypsin kept constant. 


Table I 


Extract 40. Weight of Ascaris (wet)= 98 g. 


Volume of extract = 400 c.c. 
Ex- Amino- Amino- 
Water tract Blank 24hr. acid 72hr. acid 120hr. 

Cc. C.c. c.c, c.c. mg. c.c. mg. c.c. 

& 20 0 0-17 0-52 0-49 0-72 0-73 1-31 
2 19 1 0-20 0-37 0-24 0-63 0-60 1-17 
So 17 3 0-21 0-34 0-18 0-46 0-35 1-03 
se (15 5 0-24 0-40 0-22 0-50 0-36 0-69 
2 (13 7 0-31 0-44 0-18 0-60 0-41 0-74 
10 10 0-34 0-47 0-18 0-82 0-67 0-59 

= 5 15 0-42 0-59 0-24 0-85 0-60 1-20 
oe 20 0-54 0-70 0-22 0-96 0-59 1-36 
17 5 0-14 0-15 0-014 0-24 0-14 1-05 


Amino- 
acid 
mg. 
1-60 
1-36 
1-15 
0-63 
0-60 
0-85 
1-09 
1-15 
1-33 


Varying the extract concentration. Titration was carried out with a microburette. All tubes 


were at pH 8 at the end of the experiment. 
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The constancy of the curve was checked by varying the concentration of 
extract used and by changing the quantity of substrate. The curves also re- 
tained their shape in the absence of buffers at pH ranging from 7 to 9. The effect 
of time was also noted and will be discussed later. Parallel experiments with 
pepsin gave similar results (Fig. 3), but with the minimum at a lower level. 

It was found in every case that, on increasing the quantity of extract, there 
was at first a decrease in enzyme activity followed later by a rise, which in 
most cases reached a level higher than the control value. Whether this increase 


1°5r x= 24 hour period 
o= 48 ,, 9 © 
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Fig. 3. Varying the extract with the quantity of pepsin kept constant. 


came to a constant value or not depended on the substrate concentration and 
consequently varied with the length of the digestion period. There was no 
constant relationship between the effect of the first and second units of extract 
although the second in most cases seemed to have proportionally less effect 
than the first. The second part of the curve rose more slowly than the first 
descended and kept an almost proportional relationship with the quantity of 
extract, counting from the minimum value. In every case digestion was found 
to be taking place at the minimum value, which itself tended to move forward 
in time. The percentage inhibition at the minimum decreased in time but the 
concentration of extract used affected this relationship. 

Of the possible causes of inhibition outlined, the effect due to pH change 
can at once be dismissed as the same results were obtained both in the presence 
and absence of buffers. Substances of the first type could cause inactivation 
and then reactivation of the enzyme, but these effects would be found in the 
reverse order and the reactivation would not reach a higher level than the 
control value, nor is it likely that they would have the same effect on both 
pepsin and trypsin. None of the other methods of inhibition previously dis- 
cussed explain the secondary decrease in inhibition with the eventual rise in 
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digestive power to above the control level. The results obtained with papain 
and the figures in Table I, line 9 suggest that the extract contains a protease; a 
fact which was later confirmed (p. 151). This protease may be the anti-enzyme 
itself or some other enzyme present in the extract. The results of the experi- 
ments in this section do not preclude either of these possibilities. In either case, 
however, the presence of a substance which digested the enzyme cannot be the 
cause of inhibition as the amount of inhibition per unit would increase in time, 
two units would have twice the effect of one and the minimum value would 
move back not forward in time. None of these conditions which can be deduced 
from the normal relationships between enzyme and substrate in varying time 
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Fig. 4. The effect of time on the curves. Tubes set up as in Table I; all were at pH 8 at the end of 
the experiment. The last two time periods are not to scale. 


is fulfilled. It is possible then, that the anti-enzyme may be a protease which 
combines with but does not digest the enzyme, or that the extract may contain 
both a protease and an inhibitor, and that the inhibition may be caused by the 
inhibitor being adsorbed on to, or combined with either enzyme or substrate. 

Investigation of the effect of time on the curves obtained in this series 
showed that the inhibitory effect is lost, reverses itself and reappears again 
(Fig. 4). It was at first thought that the explanation of this phenomenon, as 
suggested by Bayliss (1919), lay in the destruction of the inhibitor by the 
alkali or by the trypsin. That this cannot be so is seen from the fact that in every 
case there is a rise above the control level and later a reappearance of the 
inhibition. A possible explanation lies in the fact that the products of tryptic 
digestion would compete with the enzyme for the inhibitor and remove part 
of it, thus allowing a greater degree of tryptic digestion. 

Varying the enzyme concentration. To see how far the above conclusions were 
correct and to show whether the extract contained a protease plus the inhibitor 
or if these were properties of one and the same substance, the effect of varying 
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the enzyme concentration was investigated. The volume of extract and of 
substrate was kept constant and that of the 1% trypsin varied, the total 
volumes being made equal with distilled water. A control series was run with the 
extract replaced by water. The results of such an experiment are given below. 

It will be noted that there is digestion taking place in the absence of trypsin 
and that the addition of increasing quantities of trypsin at first lowers the rate 
of digestion and then increases it. There is digestion at the point of maximum 
inhibition and the increase after this point is proportional to the volume of 
trypsin used. The smaller quantities of trypsin have the greatest inhibitory 
effect. Briefly, the trypsin is acting as an inhibitor to the extract. 
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Fig. 5. Varying the trypsin with the quantities of extract and substrate kept constant. The 
curve of percentage inhibition (heavy line) shows clearly that the enzyme is acting as inhibitor 
to the extract. The dotted line shows what would be found if the protease and inhibitor were 
not one and the same substance. 

If the extract contains an anti-enzyme which forms an inactive complex 
with the trypsin and the anti-enzyme is itself a protease when free, then the 
above results are explained. If, on the other hand, there is a protease present 
apart from the inhibitor, the curve would not show a minimum. The protease 
would digest part of the substrate, the trypsin added would combine with the 
inhibitor until it was all removed and the excess would then start digesting. 
This state of affairs is represented by the dotted line in Fig. 5. This result, 
which was found to hold for pepsin also, suggests that the inhibitor cannot 
act by combining with the substrate and narrows the possibilities of this 
interaction down to the last two points; i.e. whether the inhibition is com- 
petitive or not and whether the inhibitor forms a compound with or is 
adsorbed on to the enzyme. 
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Varying the substrate concentration. Inhibition may take one of two forms, 
it may be competitive or non-competitive. Theoretically the two types can be 
distinguished by finding the effect on inhibition of varying the substrate 
concentration. If the inhibition is competitive then the percentage inhibition 
will decrease as the quantity of substrate is increased; the competitive in- 
hibition being greater when the substrate affinity is small. When the inhibition 
in non-competitive the percentage depression is independent of the amount of 
substrate. In this case, however, the interpretation of the results of such an 
experiment are complicated by the fact that the inhibitor is also a protease. 
If the inhibition is competitive and there is an excess of trypsin over inhibitor 
we should get at first a slow rise which will reach a higher level than the control 
value; if non-competitive, a value lying below and of the same form as the 
control. Fig. 6 shows the result of such an experiment. 
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Fig. 6. Varying the substrate. Controls given by interrupted lines. 


In the experiments with casein as substrate the curves were uniform in 
shape and identical with the control but lay at a lower level. This regularity 
was maintained when the proportions of the extract were varied. The 
percentage inhibition varied independently of the substrate concentration. 
Repetition of these experiments with peptone, which was chosen for its low 
affinity for trypsin, did not yield a similar result but showed that there was a 
competition between the peptone and the inhibitor. This may alternatively be 
explained as due to a combination of the peptone with the extract and con- 
sequently may be due to the higher affinity of this substrate for the “ascarase”’ 
than for the trypsin. This was confirmed in experiments with a substrate which 
was half casein, half peptone. 
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The term “ascarase”’ will be used in the remainder of this paper in order to 
prevent confusion between the two properties of the extract which have been 
shown to be due to the action of a single substance. 

If inhibition is caused by a union of the ascarase and enzyme it must, to be 
effective, depend on the ascarase being undestroyed or only slowly destroyed 
by the enzyme. On testing this it was found that the ascarase in the control 
tube had been partly destroyed by standing at neutrality whilst the trypsin 
had prevented this in the experimental tube. Further proof was obtained when 
the normal curve with varying ascarase was found after the two had been left 
in contact for 147 hr. (Table IT). 
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Table II 


Extract 33. Weight of Ascaris = 70 g. 
Volume of extract =210 c.c. 


Ex- Amino- Amino- 
Water tract Blank 147hr. acid Blank 24 hr. acid 
c.c. c.c. c.c. c.c. mg. C.C. c.c, mg. 
1 © g§ 9% 0 O14 O26 O17 £ O20 O51 0-43 
2 a A, 24 1 0-17 O32 O21 3 023 053 0-42 
$ - © Ss 2 O18 O36 O25 §& 027 053 0-36 
4g> @ 5 023 043 028 3 0833 055 0-31 
5 2 Sf 18 7 030 054 O33 © 0835 0-98 0-88 
6 ~~ 15 10 038 068 042 ¢ 0-41 1-21 1:12 
7 3 ¢ 1 12 04 083 053 S 056 1:94 1-93 
8 » an 10 15 0-52 1:12 084 ™“ 072 2-33 2-26 
9 8 17 O58 116 0-81 0:87 251 2:30 
10 5 20 063 1:37 &# 1:04 105 264 2-22 
11 0 2 O74 160 °& 1-12 1:14 300 2-60 


From the above table it is seen that in the absence of substrate there is a 
little digestion taking place; this may be due to the digestion of one of the 
enzymes or of the protein associated with them. On checking this point with 
boiled trypsin it was found that the latter explanation was the true one. The 
curve obtained on the addition of casein is normal, so it may be concluded that 
the trypsin does not destroy but rather protects the ascarase by uniting with it. 
Attempts to isolate this trypsin-ascarase complex by precipitation and dialysis 
failed and the introduction of interfering substances, such as formol, alcohol 
and gum arabic, also gave negative results. 

If the ascarase forms a compound with the trypsin it should do so in a 
constant fashion and this relationship should not be altered by the order of 
mixing. In experiments in which two of the components were mixed and the 
third added after 5 hr., the digestion level was found to be the same in all three 
at the end of 24 hr. This would not be so if the ascarase was adsorbed on to the 
enzyme. The compound between the ascarase and trypsin is therefore rapidly 
formed and easily reversible. This compound, if it is formed according to the 
law of mass action, should be dissociated by dilution, the curve of percentage 
inhibition against dilution giving a parabola (Hussey & Northrop, 1923). This 
effect of decreased inhibition on dilution is, however, complicated by the fact 
that the freed ascarase will also be digesting with the result that the percentage 
inhibition curve found should cross the abcissa at a value greater than zero, 
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Since the amount of digestion due to the ascarase in a given time is proportional 
to the quantity dissociated, the relationship between the curve found and the 
theoretical curve which neglects the digestion by the ascarase will be a straight 
line. That is, the curve found should still be a parabola. 

That these considerations were fulfilled is shown in Fig. 7 and this result was 
accepted as the final proof of compound formation as far as it was possible to 
demonstrate this relationship with the technique employed. The data in Table I, 
24 hr. period, show that very little digestion by the ascarase occurs and that 
the results can be explained on the assumption that the inhibitor compound is 
formed according to the law of mass action. 
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Fig. 7. The effect of dilution. Control given by interrupted line and percentage inhibition 
(calculated parabola giving best fit) by heavy line. 


The results of this section on the mode of inhibition are best summarized in 
the words of Euler (1927), who says that, “the enzyme combines with these 
substances more or less protein-like, as it does with its substrate which it splits. 
These substances cannot be split or only slowly split. On account of this, part 
of the enzyme is deprived of its substrate and the action of the enzyme is 
retarded”. The complications which obscured this simple relationship were due 
to the inhibitory substance being itself a protease. Whether this combination of 
properties is merely “accidental” or is of functional importance to the worm 
will be discussed after the chemistry and site of production of the ascarase have 
been reported. 
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(c) Properties of the ascarase 


The results noted under this heading accumulated from experiments done 
in conjunction with those of the previous section, no attempt being made at a 
complete analysis of the properties of the extract. 

It was found in controlled experiment that digestion by the ascarase did 
take place both in acid and in alkaline media but that the optimum lay 
between pH 5 and 7. It was also found that the maximum inhibition of trypsin 
lay within this range. Since the optimum pH is the point of greatest combina- 
tion between enzyme and substrate, and as pure trypsin is a protein or is 
bound to a protein carrier, it is probable that the two enzymes combine with 
each other as they would with their normal substrates. 

The indestructibility of the ascarase on boiling in acid solution, first pointed 
out by Hamill (1906), led Stewart (1932) to assume that the reacting substance 
was not an enzyme. It was found that the initial boiling for 5 min. increased 
the inhibitory action, presumably by precipitating part of the dissolved protein. 
Later, in 5 hr., the inhibitory action had decreased considerably until at the 
end of 36 hr. there was no evidence of inhibitory power remaining. Parallel to 
this loss in activity there was a decrease in intensity and finally a loss of the 
Biuret reaction. This slow destruction on boiling suggests that the ascarase is 
of the order of a protease or peptone. It is almost completely precipitated by 
less than half saturation with ammonium sulphate. This, with its ready diffusi- 
bility through parchment and its precipitation by 70-80% alcohol makes it 
probable that the ascarase is or is associated with a substance of the order of a 
primary albumose. The separation of the extract by Harned & Nash (1932) into 
two portions by alcoholic precipitation, the proteolytic fraction being precipi- 
tated by 70% and the inhibitor by 80% alcohol, was not confirmed. Repeti- 
tion of their experiments testing both the inhibitory and proteolytic powers of 
the precipitates showed that the greatest quantity of precipitate was thrown 
down by 70% and decreasing quantities by further increases in the alcohol 
concentration. It is probable that the results obtained by these workers was 
due to their ignorance of the shape of the curve obtained on increasing the 
quantity of extract (Fig. 2) and that their 70% precipitate gave a result lying 
on the second part of the curve. The inhibitory and proteolytic powers of the 
extract ran parallel in all these experiments. 


(d) Site of production of the ascarase 


According to Dastre & Stassano (1904), ascarase is found only in the body 
fluid of the worm. It is difficult to understand why this should be so if the 
ascarase is to be of any functional importance to the worm. Also, so far, no 
one has shown that the ascarase passes from the worm into the surrounding 
medium. 

Living worms placed in trypsin and casein in saline slowed down the rate 
of digestion by up to 50% in 48 hr. Tying the ends of the alimentary canal did 
not alter this significantly. 
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Preparation of extracts from the various parts of the worm showed that 
the ascarase was present in all parts of the body of both male and female. This 
is not surprising when one remembers that the worm is practically a fluid 
system and the ascarase a readily diffusible substance. Its extraction in 
greater or less quantities from the various parts is more surprising. The ovary 
gives the highest value for ascarase content and is closely followed by the 
oesophagus and gut. The body fluid gives an intermediary result and is followed 
by the ovojector and lateral line canal, while uterus and cuticle give the lowest 
figures. The order for males is similar: gonad, gut, fluid and cuticle. There was 
no alteration in this order when the wet and dry weights of the parts taken 
were compared. The order remained the same when either the inhibitory or 
digestive power of the extract was taken as the criterion of potency. 

The correct interpretation of the significance of this order is complicated by 
the fact that there are varying quantities of inert material present in the various 
tissues. Taking the results at their face value, it is significant that the cuticle 
(which includes the underlying muscle-layer) has the lowest ascarase content 
and is also the best protected physically from the possible action of the digestive 
juices. Further, the openings of both gut and gonad show the presence of a 
greater quantity than do their less exposed internal parts. The high value for 
the ovary can only be explained by assuming that the ascarase is of importance 
to the eggs contained in it, which is conceivable since within these eggs after a 
period of incubation outside the host, develop the infective larvae which are 
liberated in the gut. The mass of dead material would mask any such high 
value in the case of the uterus. It is also possible that the order of potency is 
merely due to differences in the adsorptive properties of the various tissues and 
this introduces an explanation entirely different from the one suggested above. 


IV. ConcLusions 


From in vitro experiment we have found that the watery extract of Ascaris 
contains a readily diffusible protease which can inhibit the action of trypsin by 
combining with it and which has a peculiar distribution in the tissues of the 
worm. We must now consider in the light of these findings its possible effect 
on the host and its function in the parasite. 

The experimental data show that if the worms were at all abundant in the 
host’s intestine the quantity of inhibitor produced would play a significant part 
in decreasing the amount of protein digested by the host. Whether or not other 
factors play a part in this has not yet been determined, but the ready diffusi- 
bility of the ascarase and its proteose nature make it possible that it has a toxic 
effect on the host. The main point, however, is that in heavily infested animals 
the loss of condition is due to an inability to digest the protein constituents of 
their diet (Stewart, 1932), and there can be little doubt that this is brought 
about, at least in part, by the inhibitory action of the ascarase. 

More important is the question of the function of the ascarase in the worm. 
Does it protect the worm from digestion by its host’s juices or does it merely 
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digest the worm’s food? The answer to the first part of this question seems at 
first obvious but on closer examination it is found to involve the more funda- 
mental question of whether any living animal or tissue can be digested. 
“Fermi (1910)”, to quote Northrop (1926), “was able to show in a series of 
careful and ingenious researches that the theory of a protective mucus or 
epithelium of Claude Bernard, Pavy’s theory of alkalinity of tissues, Gaglio’s 
theory of absorption of enzymes and the anti-enzyme theory of Weinland did 
not account for the full result. These theories are insufficient to account for the 
complete absence of digestion of living cells and Fermi concluded that the 
configuration of the ‘living’ molecule of protein was different from the ‘dead’ 
and could not be attacked.”” In this paper Northrop carried the problem a 
step further by showing that neither pepsin nor trypsin enters the living cell 
but fills it when the cell is dead, the enzyme being distributed in the dead cell 
according to the Donnan equilibrium. To draw the conclusion that living 
animals would not be digested in the gut is to go beyond the facts demonstrated 
by the experiments. 

The interpretation of this problem is further complicated by the experi- 
mental results produced by de Wael (1933), working on Taenia saginata. He 
states that “‘ces parasites ne sécrétent pas d’antiferments; d’autre part, la 
production éventuelle d’une antikinase ne les protége guére contre l’atteint des 
sucs digestifs. En experimentant sur du matériel bien vivant, avec des ferments 
extraits du systéme digestif de l’héte intermédiare, j’ai pu établir que l’immunité 
des Cestodes est le résultat d’une protection de nature cuticulaire: la cuticule, 
imperméable aux sucs digestifs de ’héte, garantit les tissus contre leur atteint”’. 
L. Fredericq (1933) finds complete agreement with this statement. The 
experiments from which de Wael draws the above conclusions were performed 
by placing a living segment in either pepsin with acid and saline or trypsin in 
alkaline saline. No digestion of the segment occurred, but if the segment was 
placed first in one solution and then in the other, digestion did take place. This 
digestion he shows to be due to the formation of CO, which causes the minute 
cuticular pores to open and thus allow the enzyme to pass through and digest 
the segment. Repetition of these experiments with Ascaris gave negative 
results, as was anticipated since it has been shown by Toryu (1936) that both 
lactic and valeric acid are normal excretory products and these have been 
shown to pass out through the cuticle (Mueller, 1929). The cuticular pores must 
therefore be continually stimulated by carbon dioxide and consequently would 
not give the reaction obtained by de Wael. 

One further observation seems relevant. Pringle (1921) has reported that 
intra-vitam digestion of the oesophagus in man (oesophagomalacia) is due to 
the accumulation of active juice in an oesophagus which is unable to clear itself. 
Post-mortem examination revealed unmistakable signs of vital reaction, such 
as the abundant leucocytic infiltration of the mucosa. The stomach on the other 
hand shows relatively slight post-mortem digestion. 

From these researches it appears that the question of the digestion of living 
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cells has still to be answered and until this is done no definite conclusion can 
be arrived at concerning the function of the ascarase. Nor can we decide from 
the evidence presented whether the function of the enzyme is merely to 
complete the digestion of the worm’s food, or if in vivo it digests the trypsin 
secreted by the host and so ensures a constant food supply for the parasite. 
In the latter case the inhibitory action would be merely an artefact due to the 
experimental approach used. It is possible that the inhibitory function of the 
ascarase arose from the proteolytic function during the evolution of the worm. 


V. SUMMARY 


1. The inhibitory effect of Ascaris extract on pepsin and trypsin is con- 
firmed. This inhibition is shown not to occur with papain. 

2. The inhibitory effect is shown to be brought about by a combination of 
the anti-enzyme with the enzyme and not by any of the other possible causes. 

3. The extract is shown to have a proteolytic as well as an inhibitory action 
and these two properties are shown to be due to one and the same substance. 

4. The term “ascarase”’ is suggested for this substance. 

5. The ascarase is shown to be a readily diffusible substance of the order 
of a primary albumose, is precipitated by ammonium sulphate and 70% 
alcohol, is only slowly destroyed in acid but rapidly in alkali and is not digested 
by trypsin. It combines with the greatest quantities of substrate at pH 5-7. 

6. Ascarase is found in the various tissues of the worm in the following 
order: ovary, oesophagus, gut, body fluid, ovojector, lateral line, uterus and 
cuticle. A similar order was found for the male. 

7. The results found by de Wael (1933) for 7’. saginata do not apply to 
Ascaris. 

8. The effect of the ascarase on the host and its function in the worm are 
discussed. 
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A STUDY UPON PASSIVE IMMUNITY IN 
EXPERIMENTAL TRICHINIASIS 


By JAMES T. CULBERTSON! anp SAMUEL 8S. KAPLAN 


From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York 


Tue work of several investigators in recent years has indicated that experi- 
mental animals can be actively immunized against infection with Trichinella 
spiralis (Ducas, 1921; McCoy, 1931; Bachman & Oliver Gonzalez, 1935). In 
most cases, the degree of immunity developed has not been particularly 
striking, and has been rather easily overcome by a moderate increase in the 
size of the dose of infective larvae. For example, McCoy (1931), who employed 
quantitative methods throughout his studies, found that actively immunized 
rats could withstand only about twice as many larvae as constituted the 
lethal dose for control rats. 

We have become interested in experimental trichiniasis from the point of 
view of therapy by means of a specific antiserum, since no other specific 
methods have been devised for treating this somewhat common and often 
serious disease. Bachman (1929), some years ago, showed that antibodies are 
developed in considerable amount by rabbits after infection with 7. spiralis, 
and it seemed possible that serum from such rabbits, if potent in antibody, 
might manifest protective properties after injection into other animals. 

There are a few reports in the literature upon the serum treatment of 
trichiniasis, most of them having appeared a good many years ago. Salzer 
(1916, 1917), the first to attempt serum treatment, concluded that an immune 
serum has both prophylactic and curative value in trichiniasis of man or 
animals. He found that rabbits fed with trichinous meat 24 or more hours 
after the administration of serum from a convalescent animal were resistant to 
infection. Likewise, animals fed with trichinous meat mixed with immune 
serum failed to develop trichiniasis. Furthermore, according to Salzer, the 
injection of immune serum into animals or into human beings suffering from 
trichiniasis produced a curative effect. 

Those who have investigated the subject subsequently have not obtained 
results so favourable as those reported by Salzer. Schwartz (1917) failed, 
definitely, either to protect from or cure the disease by means of antiserum. 
Hall & Wigdor (1918), likewise, were unable to inhibit the infection with serum, 
but these workers felt an antiserum was, nevertheless, of considerable aid in 
counteracting the toxic symptoms observed in trichiniasis. Recently, the 
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problem has been studied again by Trawinski (1935), who has been able to 
protect rats against three lethal doses of T'richinel’a larvae by injecting a serum 
obtained from rabbits heavily infected with the parasite. Trawinski concluded, 
in agreement with Hall & Wigdor, that the action of the serum was directed 
principally against the toxic features of the disease rather than against the 
parasite itself, for all his rats, whether given antiserum or not, became infected 
on being fed with viable larvae of the parasite. 

In the present paper, we shall present the results of a study, carried out 
with the aid of quantitative methods, upon the separate effects which a rabbit 
serum containing antibody specific for 7. spiralis has upon: (1) the develop- 
ment to adults of the infective larvae which are ingested by the experimental 
animal, and (2) the production of larvae by the adult worms which attain 
maturity in the intestine. 


I, THE PREPARATION OF ANTISERUMS AGAINST T'RICHINELLA SPIRALIS, 
AND THE ESTIMATION OF THEIR CONTENT OF ANTIBODY 


The antiserums against 7. spiralis which were used in the present work, 
were prepared by infecting rabbits with known numbers of larvae isolated by 
the digestion of infected rat muscle. The number of larvae fed differed among 
the rabbits, single doses of from 75,000 to 300,000 larvae being administered. 
The rabbits tolerated their infection fairly well, although one of five which were 
infected died during the experiment. At autopsy 8 weeks after infection, all 
were found to have many larvae encysted in their muscles. 

The rabbits were bled of 50 c.c. from the heart just before infection and 
again every 2 weeks thereafter for 8 weeks. The serum was removed from the 
clot and stored under sterile conditions in the cold until used. All serums were 
titrated for precipitin antibody by the antiserum dilution method, that is to 
say, the smallest amount of antiserum that gave a positive reaction was 
determined. Constant quantities of successive dilutions of the antiserum in 
normal rabbit serum were placed in small-bore precipitin tubes and over- 
layered with an equal volume of Trichinella antigen, this antigen being the 
supernatant fluid of a 7-day extract of 1% suspension of pure T'richinella 
powder in Coca’s solution. The precipitin tests were read for ‘“‘rings” after 
l hr. at 37° C., then for precipitates after the fluids were mixed and left for 
24 hr. in the cold. A test was considered positive only when both a “ring” and 
a precipitate were observed. It should be added that the necessary control 
tests also were made with the antigen plus normal rabbit serum, with Coca’s 
solution plus the immune rabbit serum, and with rat serum plus the immune 
rabbit serum. This last control was added to exclude the possibility that the 
larvae used to infect the rabbits had carried over sufficient rat protein to 
sensitize the rabbits to this antigen and thus give a positive precipitin test. 
The results of the precipitin tests are presented in Table I. 
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Table I. Precipitin tests wpon serums from Trichinella-infected rabbits 
with antigen prepared by extraction of isolated larvae with Coca’s solution 


Precipitin titre of serum taken at designated 





No. of number of weeks after infection 

Rabbit larvae fed 7 _ ~ 
no. to rabbit 0 2 4 6 8 
1395 60,000 0 0 1-5 1-10 1-20 
1396 150,000 0 0 — — 1-20 
1397 60,000 0 0 1-2 * - 
1398 300,000 0 0 1-5 1-10 1-20 
1400 75,000 0 0 1-5 t t 


* Since the serum of rabbit 1397 obtained after infection for 4 weeks was of low antibody 
concentration, the animal was discarded and no further serum samples were taken. 
+ No. 1400 died 5 weeks after infection. 


It was found that the normal serum of none of the rabbits contained anti- 
body active against the Trichinella antigen, and the serum of blood taken 
from these rabbits 2 weeks after their infection likewise was negative. On the 
other hand, all the blood samples drawn after 4 weeks contained antibody, 
although in no case could the serums be diluted more than five times and still 
give a positive precipitin test. The serums of blood samples taken after 6 weeks 
and after 8 weeks tolerated dilution ten times and twenty times, respectively, 
those drawn after 8 weeks having, therefore, a higher concentration of antibody 
than those drawn earlier in the infection. It was deemed that the antiserums 
obtained after infection for 8 weeks contained sufficient antibody for the tests 
which we wished to make with them, and the animals were then bled to death. 
It seems possible, in retrospect, that had the rabbits been permitted to live 
longer, serums of somewhat greater potency might have been procured. 


II. THE EFFECT OF ANTI-7'RICHINELLA RABBIT SERUM UPON THE 
DEVELOPING ADULT 7'RICHINELLA SPIRALIS IN THE INTESTINE OF MICE 


In his paper upon actively acquired immunity of rats against 7’. spiralis, 
McCoy (1931) had showed that, after feeding a standard dose of infective 
larvae, only about one-tenth as many larvae developed to adults in the 
immune animals as in the control rats. It was thus indicated that part, at 
least, of the immunity of these animals was directed against the parasites in 
the lumen of the intestine, these forms being prevented from reaching maturity 
and, thereby, prevented from producing larvae to invade the blood and muscles. 

As a first step in our own study, we endeavoured to learn whether a serum 
containing antibody against the parasite could, if transferred passively to an 
infected animal, likewise prevent the development of the Trichinella to adults 
in the host intestine. In this study, sixty adult mice, weighing from 18 to 20 g., 
were employed, being divided into three groups of twenty individuals each. 
Those of one group were injected intraperitoneally with 1 c.c. of anti-Trichinella 
rabbit serum (obtained 8 weeks after the infection of the rabbits) 1 day before 
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infection and 1 ¢.c. 1 day after infection. The mice of the second group were 
similarly injected with normal rabbit serum. The third group of mice received 
no injections of serum. The larvae for the infection of the mice were obtained 
in essentially pure suspension by digesting the muscle of heavily infected rats 
in the solution of pepsin in hydrochloric acid which several other workers 
have employed for this purpose. The number of larvae per unit volume of the 
suspension was determined by direct counts upon several samples with the aid 
of a low-power (20x) microscope, and the suspension was then adjusted to 
contain the desired number of larvae in a convenient volume of fluid. The 
actual infection was carried out by introducing the isolated larvae directly 
into the stomach of the mice, a volume of 0-2 c.c. fluid being expelled from a 
tuberculin syringe through a long, blunt-pointed needle, which was inserted 
down the oesophagus of the mouse. The number of larvae differed with 
different mice, some of each group receiving 175, others 300, and others 350 
larvae. 

One week after the mice were infected they were killed, and the number of 
adult Trichinella present in each was determined. The entire small intestine 
from the duodenal end of the stomach to the caecum was removed intact from 
the body and one end was tied about the tip of a capillary glass tube attached 
by a rubber hose bearing a pinch-clamp to the stem of a supported funnel. 
150 c.c. of water were then poured into the funnel and, on opening the pinch- 
clamp, this fluid coursed through the gut flushing its contents into a container, 
a Mason jar being used for the purpose. The intestine was then removed from 
the tip of the capillary tube, cut open along its length, and placed in another 
jar with 150 c.c. of 0-3°% sodium hydroxide solution. The last jar was shaken 
vigorously from time to time for 1 hr., after which time its fluid was neutralized 
by the addition of acid. The entire content of each jar was then searched for 
parasites fractionally, 10 c.c. portions being examined under the low-power 
(20x and 60x) microscope in Syracuse watch-glasses. In Table II, the 
number of worms recovered from each mouse by flushing the gut and by 
treating the gut with sodium hydroxide are separately shown, as well as the 
sums of the separate determinations, the total number of adults recovered. 

The results of this experiment show that slightly less than half as many 
larvae developed to adults in those mice which received injections of immune 
serum (17-64%) as in those given normal rabbit serum (36-0%) and in the 
untreated controls (37-1%). It is thus indicated that an anti-Trichinella 
rabbit serum is able to inhibit the development to adult worms of part of the 
larvae which are fed to an animal, and that such a serum could be suspected 
to exercise protective properties if administered in the earliest stages of 
trichiniasis, when the ingested larvae are developing to adult worms. 

The length of adult worms recovered from specifically treated mice and from 
control mice. In order to determine whether or not the individual worms which 
became adults in the intestines of mice treated with the anti-Trichinella 
serum were stunted in development, compared with those in controls, a 
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Table II. The effect of anti-Trichinella rabbit serum wpon the intestinal 
phase of trichiniasis in mice 


No. of 
larvae 
fed in 
0-2 c.c. 
vol. of 
Mouse warm 
no. water 
Experimental mice given 1 350 
c.c. anti-trichinella 2 - 
rabbit serum intraperi- 3 o 
toneally 1 day before 4 a 
and 1 c.c. 1 day after 5 9 
infection per os with 6 ‘as 
larvae of 7’. spiralis 7 im 
7] 300 
10 os 
11 ” 
12 ” 
13 ” 
14 
18 175 
19 - 
20 ios 
21 ” 
22 ” 
23 ” 
24 ” 
25 ” 


No. of adult 7’. spiralis recovered 
at autopsy 7 days after infection 
- 





ii a 
By treat- 
By flush- ing gut 
ing gut with 0-3% 
with H,0 NaOH Total 

37 17 54 
20 31 51 

6 34 40 

30 3 33 
123 19 142 
23 13 36 
77 13 90 

8 2 10 

6 0 6 

1 6 7 

4 25 29 

10 26 36 
10 12 22 

7 15 22 

28 6 34 

3 30 33 

46 1 47 
100 23 123 
36 + 40 
41 1 42 
16 5 21 


Average percentage of larvae which were recovered as adults 


% of the 
larvae ad- 
ministered 

which 
developed 
to adults 
15-4 
14-5 
11-4 
9-4 
40-5 
10-2 


to 
wo Qt 
a 


Re I Sty ty ow 
AIwonwoc w 


Mice 1-7 inclusive received serum of rabbit 1398, which had been infected for 8 weeks when 


bled. 


Mice 9-25 inclusive received serum of rabbit 1396, which had been infected for 8 weeks when 
bled. Mice 9 and 10 died on the sixth day after infection; counts were made on that day. 


Control mice give 1-0 c.c. l 350 
normal rabbit serum in- 2 o” 
traperitoneally 1 day 3 - 
before and 1 c.c. 1 day 4 9 
after infection per os 5 Pa 
with larvae of 7’. spiralis 6 ”» 

1] 300 
12 ” 
li ” 
14 ” 
15 ” 
16 ” 
17 ” 
18 175 
19 ” 
20 ” 
21 oo 
22 ” 
23 : 


100 93 193 
101 45 146 
4 0 4 
91 26 117 
60 69 129 
68 17 85 
88 70 158 
28 77 105 
0 3 3 
10 45 55 
52 39 91 
62 26 88 
5 88 93 
28 105 133 
65 41 106 
9 22 31 
76 14 90 
SS 3 91 
49 16 65 


Average percentage of larvae which were recovered as adults 


All mice were given the normal serum of same rabbit 
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Table IT (continued) 


No. of No. of adult 7’. spiralis recovered 
larvae at autopsy 7 days after infection % of the 





fed in r —— + larvae ad- 
0-2 c.c. By treat- ministered 
vol. of By flush- ing gut which 
Mouse warm ing gut with 03% developed 
no. water with H,O NaOH Total to adults 
Control mice given no 1 350 89 25 114 32-5 
serum before or after 2 - 87 18 105 30-0 
infection with larvae of 3 171 16 187 53-4 
T. spiralis + 145 21 166 47-4 
5 19 57 76 21-7 
6 128 102 230 65-7 
7 % 7 9 16 45 
1] 300 24 73 97 32:3 
12 we 29 98 127 42:3 
13 9” 52 51 103 34:3 
14 1] 11 22 7:3 
15 - 7 5 12 40 
18 175 37 34 71 40-5 
19 ” 51 21 72 41-1 
20 o” 5 80 85 42-8 
21 ” 86 31 117 66-8 
22 o 9 20 29 16-5 
23 ” 74 19 93 53:1 
24 ea 103 18 121 69-1 
25 io 55 10 65 37:1 
Average percentage of larvae which were recovered as adults 37-1 


considerable number of the adult female worms recovered were measured, with 
the aid of a camera lucida. The worms were spread out on a glass slide and 
the image drawn. The drawings were carefully measured and the lengths of the 
worms calculated by correction for magnification. The results of measuring 
a total of 308 worms are given in Table III. 


Table III. Determination of the lengths of adult female Trichinella 


recovered from intestines of mice 


Maximum Minimum Average 
No. of worms length length length 
Mice group measured mm. mm. mm. 
Injected with immune rabbit 90 5-71 1-90 3-67 
serum 
Controls injected with normal 110 5-80 1-90 3-99 
rabbit serum 
Controls given no serum 108 5-71 2-38 3°98 


The differences observed between the worms from mice treated with anti- 
serum, and those untreated or given normal serum are too small to have great 
significance. Nevertheless, it is interesting to notice that, in spite of the 
relative paucity of adult worms in the mice given immune serum, the lengths 
of the worms in this group are no greater—in fact, are slightly less (7-9°%)— 
than those worms in the control mice in which larger numbers were present. 
It should be added that the female worms from all groups of mice, whether 
treated with immune serum or not, had many live embryos in the uterus. 
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III. THE EFFECT OF ANTI-7'RICHINELLA RABBIT SERUM UPON THE LARVAL 
TRICHINELLA SPIRALIS IN THE MUSCLES OF MICE 


The experiment described in the previous section showed that an anti- 
Trichinella rabbit serum exerted an inhibitory action upon the development 
of ingested larvae to adults in the intestine. It seemed probable that mice 
treated with such a serum would experience a correspondingly less amount of 
muscle invasion with larval Trichinella compared with control mice, since 
fewer adult worms would be available in the intestine to release embryos into 
the blood. It seemed possible that there should also be an effect directly upon 
the migrating larvae in the blood or the somatic tissues over and above that 
directed against the parent worms in the intestine. We have, therefore, studied 
mice treated with antiserum not only at the time of infection but also subse- 
quently during the time of larval migration together with control animals, 
comparing the incidence of death and determining the total number of larvae 
which were recovered by digesting the muscles of those which survive the 
infection for a period of 4 weeks. The details of this work follow. 

Thirty-three mice were employed in this work, and these were infected 
with a pure suspension of 300 isolated living larvae by syringe per os, as 
described in the first experiment. Twelve of these mice were given injections of 
a serum from rabbits infected 8 weeks before, eleven were given injections of 
normal rabbit serum, and ten were injected with no serum. The mice which 
received serum were injected with 1 c.c. 1 day before infection, 1 c.c. 1 day 
after infection, and 1 c.c. 1 week after infection. Those which died before the 
end of the fourth week were autopsied, and in every case adult 7’. spiralis were 
recovered from the anterior end of the small intestine. The muscles of those 
mice which survived for 4 weeks were digested and the total number of larvae 
in the animal’s body determined in the following manner. 

The mice were killed, skinned, and eviscerated. The carcass of each was 
weighed, cut into small pieces, and placed in an individual Mason jar with 
30 c.c. of pepsin-hydrochloric acid digestion fluid per gram of meat. In 
groups of six, these jars, each containing one mouse body in a known volume 
of digestion fluid, were fastened securely in a Kahn shaking machine in an 
incubator room at 37°C. The machine was operated for just 4 hr., by which 
time practically every fragment of tissue was digested. Direct counts were 
then made under a low-power (20 x and 60 x ) microscope upon | c.c. samples 
of the digest in each jar, all larvae in the sample being counted. Since the 
whole volume of fluid in each jar was known, the total number of larvae in the 
fluid could easily be calculated from the counts upon the 1 ¢.c. samples to give 
the total number of larvae in each animal. The results of this work are 
presented in Table IV. 

Such difference as exists in the percentage of deaths (if results from so few 
animals can be deemed significant) favours the point of view that the immune 
serum exerted some protective action. Of the twelve mice treated with immune 








JAMES T. CULBERTSON AND SAMUEL 8S. KAPLAN 163 


Table IV. The effect of anti-Trichinella rabbit serum upon the muscle phase 


of trichiniasis in mice 


Ratio: 
Days after Total no. of 
Days after _ infection larvae re- 
infection when sur- Total no. of covered 
Mouse when death vivors were larvae re- No. of % 
no. Rabbit serum injected occurred digested covered larvae fed of deaths 
1 Serum of rabbit 2 
2 1395, taken 8 2 
3 weeks after the 3 
4 rabbit was in- 3 
5 fected 29 490 1-6 
6 29 11,270 37-5 
7 29 11,180 37-2 
8 30 36,344 121-1 
9 30 1,775 5-9 
10 30 24,120 80-4 
il 31 14,350 47-8 
12 31 6,440 21-4 
Average 13,221 44-0 33-3 
13 Normal rabbit 2 
14 serum 6 
15 8 
16 9 
17 12 
18 12 
19 13 
20 29 2,812 9-4 
21 29 20,582 68-6 
22 30 35,640 118-8 
23 31 12,600 42-0 
24 None 2 
25 3 
26 9 
27 10 
28 12 
29 13 
30 29 14,454 48-1 
31 30 44,800 149-3 
32 30 12,672 42-2 
33 31 24,140 80-4 
Average 20,964 69-9 61-9 


Mice were infected with 300 Trichinella larvae obtained by digestion of infected rat muscle. 

Mice 1-23 inclusive were given 1 c.c. of rabbit serum intraperitoneally 1 day prior to infection, 
1 c.c. 1 day after infection, and, if they survived, 1 c.c. 1 week after infection 

Mice 13-33 inclusive served as controls 


serum, four died before the end of the fourth week, whereas seven of eleven 
given normal serum and five of ten given no serum died in this interval. It is 
perhaps significant that all the deaths among those given immune serum 
occurred within the first 3 days following infection, while deaths among the 
control groups continued during the first 2 weeks. 

The average total number of larvae recovered from the mice given the 
immune serum (13,221) appears significantly less than that recovered from 
the control groups (20,964), when these survivors were digested at the end of 
the fourth week. While the variation in the results among the members of 
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each group is quite high, only one animal among the controls gave a value 
significantly less than the average for the group treated with immune serum. 
Although it is possible that, if a larger number of mice had been used, the 
differences here suggested would have been found not to hold, the figures 
given are about what one should expect in the light of the results of the study 
of the effect of the serum upon the development of the adult Trichinella in the 
intestine. There is no evidence provided from the results of the present 
experiment, however, that the injection of immune serum acts directly upon 
the larvae in the muscles, since the average total counts of larvae is not 
depressed below that value, in relation to control animals, which would be 
expected by reason of the inhibitory effect of the serum upon the development 
of the adult worms. 

To summarize the results of this part of the work: the percentage of deaths 
among immunized mice is 33-3 compared with 61-9 among controls, and the 
average total number of larvae recovered from the muscles of immunized mice 
is 13,221 compared with 20,964 from the controls. The average ratio of larvae 
recovered from the muscles per larva fed is 44-0 for the immunized mice and 
69-9 for the controls. While these differences are not striking, they appear 
fairly consistent and seem to support and, at the same time, to be explained 
by the experiment carried out upon the intestinal phase of the infection. 


Discussion 


It is indicated from the work presented that the injection of a serum from a 
rabbit heavily infected with 7’. spiralis exerts an effect against the development 
to adults of ingested larvae present in the intestine. In order to bring about 
this result, it seems likely that the injected serum was, after absorption by the 
blood, secreted into the lumen of the intestine in order to come in contact with 
the ingested worms, although it is possible that the serum diffused directly 
through the intestinal wall. In any case, the immunity conferred was never 
complete, since a few worms were always able to reach sexual maturity in the 
intestine of the passively immunized mice. 

There is no evidence that the immune serum has a separate effect directly 
upon the larvae in the muscles. In no case was invasion of the muscles 
prevented by the administration of serum, and the total number of larvae in 
the muscles of the immunized mice was not depressed, in comparison with 
control animals, below the expected reduction as a consequence of inhibition 
of the adult development in the intestine. 

It has been suggested by some workers that the immunity against 
T. spiralis acquired by animals through infection is largely local in character. 
The passive transfer of immunity demonstrated in the present experiments, 
however, indicates that it is generalized, in that the protective substance is 
blood-borne, circulating through the body, and of the usual character of 
humoral antibodies. The blood-borne protective antibody appears, however, to 
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be effective solely in the intestine, and to this extent its action may be considered 
localized in the same way as Sarles & Taliaferro (1936) have considered an 
immune serum against Nippostrongylus muris to have its action locally in 
strategically placed organs. It is possible that the stage of Trichinella spiralis 
most vulnerable to the effects of the antibody is the maturing larva after its 
ingestion. Since this development occurs solely in the intestine, it is only there 
that the serum can function. Briefly, then, the immune response to trichiniasis 
appears to be generalized in that the antibody is blood-borne, but this antibody 
on passive transfer to an infected normal animal exerts its action locally upon 
the ingested larvae developing to adults in the intestine. 

In conclusion, it should be pointed out that the results so far obtained 
indicate that an immune serum could not be expected to provide significant 
aid in the treatment of clinical trichiniasis, since its action appears limited to 
inhibiting the maturation of the infective larvae in the intestine after their 
ingestion in infected meat. Methods for diagnosing the disease clinically at so 
early a stage are not, however, available, since eosinophile counts rise (Spink, 
1934) and skin tests or precipitin tests (Spink & Augustine, 1935) become 
positive only after the stage of muscle invasion has begun. Nevertheless it 
seems possible that, with further study, antiserums of greater potency could be 
developed which will be able to affect the migrating larvae and will, therefore, 
be of help in treatment even during the later stages of the disease. 


SUMMARY 


Protection against infection with Trichinella spiralis is conferred upon 
mice by the passive transfer to them of a specific immune serum from rabbits. 
A smaller percentage of mice treated with the immune serum die, and fewer 
larvae invade the muscles of the treated mice than among control animals. 
The action of the antibody of the immune serum appears to be directed 
specifically against the ingested larvae which are maturing to adult worms in 
the intestine of the infected animals. The results obtained thus far indicate 
that an immune serum would have little therapeutic value in the later stages 
of the disease. 
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ON A NEMATODE, PSEUDASPIDODERA JNANENDRAE 
N.SP., FROM THE PEAFOWL (PAVO CRISTATUS) 


By GIRINDRA KUMAR CHAKRAVARTY 
Department of Zoology, University of Calcutta 


(With 4 Figures in the Text) 


INTRODUCTION 


THE genus Pseudaspidodera was founded by Baylis & Daubney (1922). Recently 
I had an opportunity of examining a collection of worms of this genus from the 
gut of two Indian peafowls, Pavo cristatus. I am grateful to Mr K. K. Banerjee 
of the Bengal Veterinary College, Calcutta, for kindly placing the material at 
my disposal. Three species of the genus Pseudaspidodera have so far been 
described, viz. P. pavonis Baylis & Daubney (1922) from Pavo cristatus and 
Pavo muticus, and later from Argusianus argus; P. voluptuosa Chandler (1926) 
from Argusianus argus and Rollulus roulroul and P. spinosa Maplestone (1932) 
from Argusianus argus. The parasites under consideration cannot be assigned 
to any of the species referred to above. The separation of the cephalic cordons 
in P. pavonis, the presence of spines along the cephalic cordons in P. spinosa, 
and the longer left spicule in P. voluptuosa are sufficient to distinguish these 
worms from my specimens. I take this opportunity of recording my sincere 
thanks to Dr Baini Prashad and Mr M. N. Datta of the Zoological Survey of 
India for giving me facilities for examining the type specimens of P. pavonis 
and P. voluptuosa. I am indebted also to Prof. P. A. Maplestone of the School 
of Tropical Medicine and Hygiene, Calcutta, for kindly lending me the co-types 
of P. spinosa. The species has been named after one of my colleagues, Mr 
Jnanendra Lal Bhaduri, M.Sc., who has helped me with many helpful sug- 
gestions. 
DESCRIPTION 


The sexes are nearly of the same size. The cuticle has fine transverse 
striations. There are no lateral alae. The posterior extremity in both sexes is 
attenuated. The head is ornamented with cordons with anastomosing recurrent 
branches. 

Male. The posterior extremity is provided with well-developed caudal alae, 
and the post-alar portion of the tail is gradually tapering. The caudal ala on 
each side is apparently composed of three separate portions extending from a 
little in front of the sucker to the anterior end of the filamentous portion of the 
tail. The anterior portion is slightly overlapped by the middle one. The middle 
portion which is divided about midway by a groove, begins at the anterior 
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border of the sucker and ends behind the paracloacal group of papillae. The 
posterior portion, arising behind the middle one, is again divided by a trans- 
verse groove. The number of caudal papillae is typically twelve pairs, and they 
vary slightly in arrangement and shape. Of the paracloacal papillae four 
pedunculated pairs are more or less lateral, and two sessile pairs, one on the 
anterior and the other on the posterior side of the cloacal opening, are ventral 
in position. The pair of sessile papillae lying in front of the cloacal opening is 
conical and more prominent than the pair lying behind it. In the stalked group 
of papillae the second pair is the largest and third the smallest. The spicules are 
dissimilar and unequal, the right being the longer. The longer spicule is simple; 
the shorter is alate and its tip is slightly curved ventrally. 

Female. The tail ends in a fine point. No caudal papillae were observed. 
The vulva, situated behind the middle of the body, leads into a vagina which 
at first runs backward and then forward. The eggs are oval. 


Measurements* of P. jnanendrae 


Male Female 
Length 5-7-1 6-2-7-5 
Diameter 0-3-0-43 0-3-0-4 
Diameter of the head at the posterior end of cordons 0-1 0-1 
Oesophagus 0-82-0-9 0-8-0:9 
Length of bulb 0-25-0-36 0-25-0-3 
Breadth of bulb 0-18-0-25 0-2-0-25 
Nerve ring from the anterior end 0-22-0:3 0-25-0:3 
Excretory pore from the anterior end 0-41-0-46 0-4 
Tail length 0-35-0-43 1-1-2 
Right spicule 1-4-1-8 _ 
Left spicule 0-53-0-63 — 
Vulva from the posterior end _ 2-7-3-6 
Ova —_— 0-05 x 0-03-0-07 x 0-03 


* Measurements in millimetres. 


AFFINITIES 


Comparison with P. pavonis. P. jnanendrae approaches P. pavonis in the 
length of the body and tail, position of the vulva and measurements of the 
eggs, but differs from it in the length of the oesophagus and spicules and in the 
distance of the nerve-ring and excretory pore from the anterior end. Other 
characters that separate it from the genotype are the constant presence of fine 
transverse cuticular striations, absence of lateral alae, ventral curvature of the 
tip of the left spicule, caudal ala in the male consisting of three separate pieces 
on each side, recurrent branches of the cephalic cordons anastomosing, and 
vagina running backward. 

Comparison with P. voluptuosa. There is a close resemblance between my 
specimens and P. volwptuosa in the possession of cuticular striations, length of 
the tail and measurements of the eggs. Differences are observed in the length 
of the body, oesophagus and spicules, and position of the vulva. In my speci- 
mens, moreover, lateral alae are absent, the right spicule is longer than the left, 
recurrent branches of the cephalic cordons are well developed and anastomosing 
and caudal alae in the male are composed of three separate portions on each 
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side. In P. volwptuosa, lateral alae are present, the right spicule is shorter than 
the left, the tips of the spicules are pointed, recurrent branches of the cephalic 
cordons are wanting and the caudal alae in the male are composed of a single 
piece on each side. 

Comparison with P. spinosa. There is some resemblance between P. 
jnanendrae and P. spinosa in the length of the tail, presence of cuticular 




















Fig. 1. P. jnanendrae. Head of male. Lateral view. 

Fig. 2. P. jnanendrae. Posterior end of male. Lateral view. Spicules and papillae on the sides of 
the sucker are not shown here. a.p. anterior portion of caudal ala; m.p. middle portion; 
p-p. posterior portion. 

Fig. 3. P. jnanendrae. Tip of the left spicule. 

Fig. 4. P. jnanendrae. Vulva and vagina of female. Arrow points in the direction of the tail. 


striations and absence of lateral alae, as well as in the measurements of the eggs. 
My specimens differ from P. spinosa in the length of the body, oesophagus and 
spicules, and also in the character of the cephalic cordons and spicules. In 
P. spinosa, though the recurrent branches of the cordons are anastomosing, 
they are armed with a row of spines, and the spicules are similar in form. From 
the description of P. spinosa it is not clear whether the caudal alae in the male 
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are composed of three separate portions on each side. I have examined the 
co-types of this species and it appears that this is the case, though the alae do 
not completely resemble those of P. jnanendrae. 

On the basis of the aforesaid differences from the species already described, 
I consider that my specimens represent a new species, for which I propose the 
name. 


Pseudaspidodera jnanendrae n.sp. 


Host. Pavo cristatus. 
Location. Gut. 
Locality. Calcutta. 
DIAGNOSIS. 


Fine cuticular striations always present. No lateral alae. Recurrent 
branches of the cephalic cordons anastomosing. Right spicule—1-2 mm. long. 
Left spicule—0-6 mm. long, with the tip curved ventrally. In the pedunculated 
paracloacal group of papillae the second pair is the largest and the third the 
smallest. Caudal ala in the male consists of three separate pieces. Vagina runs 
backward at first from the vulva. 
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A NEW SPECIES OF ACANTHOCEPHALA, ACANTHO.- 
SENTIS DATTAI, N.SP., FROM A FRESH-WATER FISH 
OF BENGAL, BARBUS TICTO (HAM. & BUCH.) 
AND B. STIGMA (CUV. & VAL.) 


By T. N. PODDER, M.Sc., M.B. 
Professor of Zoology, Carmichael Medical College, Calcutta 


(With 5 Figures in the Text) 


ABOUT a year ago when examining the intestinal contents of various fresh- 
water fishes of Bengal, I obtained a new acanthocephalan parasite, Acantho- 
sentis dattai, from the small intestine of Barbus ticto and B. stigma. In a single 
host as many as twenty were obtained, but the average number of parasites 
taken from other hosts was four to ten. Some of these were found lying in a 
sluggish state in the lumen of the intestine. About the months of July and 
August some were found in copula. 

The body is elongated and cylindrical, slightly flattened laterally and 
tapering at both ends. In freshly fixed specimens the colour is usually whitish. 
Sexual dimorphism is clearly marked, the males being much smaller than the 
females. Regular circlets of rose-thorn-like hooks are present all over the body. 
In comparatively young specimens the body spines are very prominent but in 
mature specimens, the spines on the posterior portion are sometimes not 
visible. The absence of spines may be due to the growth and subsequent 
shedding of the cuticle. The body wall is traversed by a lacunar system in the 
form of a fine network, the transverse canals being the more prominent. The 
body wall is composed of a thin cuticle as the outermost covering, beneath 
which is a thick hypodermal or subcuticular layer; the subcuticular nuclei are 
prominent, two in the ventral and four to six in the dorsal aspect. The hypo- 
dermal layer is followed by layers of transverse and longitudinal muscle fibres. 

The proboscis is cylindrical and bears three transverse rows of recurved 
hooks, six in each row. The neck is almost absent (Fig. 2). The hooks of the 
anterior row are much longer than those of the other two. The proboscis 
sheath is a single-layered muscular sac (Fig. 1). The central nerve ganglion is 
embedded in the wall of the sheath near its posterior end. The two lemnisci 
are slightly longer than the proboscis sheath. 

The male genitalia, situated in the posterior half of the body, consist of a 
pair of testes, a syncytial prostatic gland, a prostatic reservoir, a seminal 
vesicle, a pair of vasa efferentia, a vas deferens, a muscular penis and an 
eversible bursa (Fig. 1). The two testes are almost tandem. An efferent duct 
arises from each testis, and running posteriorly joins with its fellow, at the 
commencement of the seminal vesicle, to form a fair-sized vas deferens. 











ol mm. 
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Fig. 1. Acanthosentis dattai. Adult male, showing the genitalia. 6. bursa; /. lemnisci; nb. body 
nucleus; nf. nerve fibres; ng. nerve ganglion; pd. prostatic duct; pe. penis; pg. prostatic 
glands; pr. prostatic reservoir; ps. proboscis sheath; sv. seminal vesicle; t. testes; vd. vas 
deferens; ve. vasa efferentia. 

Fig. 2. a, proboscis, 6, hooks of the three circles of the proboscis and the body spines. All highly 
magnified. 

Fig. 3. Posterior portion of the female showing the genitalia, highly magnified. gc. guard cells; 

gl. genital ligament; n. large nuclei; u. uterus; wb. uterine bell; v. vagina; vg. vaginal gland. 
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During the breeding period, which is probably at the end of the rainy season, 
the vas deferens becomes dark in colour as it is heavily loaded with spermato- 
zoa. The vas deferens ends in the muscular penis. The prostatic gland has six 
to eight nuclei. The duct of the prostatic gland and that of the seminal vesicle 
open at the base of the penis, which protrudes into the cavity of the bell- 
shaped eversible bursa. 

The female genitalia (Fig. 3) consist of ovary, uterine bell, elongated 
uterus, vagina and vaginal glands. The uterine bell is a thin funnel-shaped 
organ opening into the’ body cavity, and is kept in position by the genital 
ligament, which is attached at its anterior end to the base of the proboscis 
sheath. A few guard cells, which control the passage of the mature ova from 
the bell to the uterus, are situated at its posterior end. The uterus is an 


0-1 mm. 








Fig. 4. Vaginal portion of the largest female in the collection. v. vagina; 
vg. vaginal gland; vm. vaginai muscle. 


elongated tube the anterior third of which is swollen and flabby. Near the end 
of the swollen portion a couple of large nuclei are seen embedded in the uterine 
wall. The posterior two-thirds of the uterus is tubular and opens into the 
muscular vagina. The vaginal glands are two small club-shaped structures, 
which end near the vaginal opening. The external genital opening is situated 
somewhat ventrally at the posterior end of the worm (Fig. 4). 

On examining a few pairs of copulating worms it was observed that the 
mechanism of copulation was somewhat complicated. The vagina of the female 
was seen lodged within the retracted bursa of the male, and the position of the 
penis was near the opening of the vagina. It is evident from the figures 
(Fig. 5a, b, c) that the everted bursa of the male is attached to the posterior 
end of the female, and by a simple sucking mechanism the vagina is drawn 
out and kept in position in the cavity of the bursa. The bursa is then retracted 
with the vagina. 
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Measurements (in mm.): males 1-34 x 0-24-3-34 0-42; females 1-67 x 
0:44-9:46 x 0-9; proboscis 0-12 x 0-055; proboscis hooks, anterior row 0-05; 
middle row 0-03; basal row 0-026; proboscis sheath 0-42 x 0-12; lemnisci (1) 
0-68 x 0-055 (2) 0-59 x 0-055; testes, anterior 0-48 x 0-31; posterior 0-29 x 0-275; 
prostatic gland 0-35 x 0-26; prostatic reservoir 0-13 x 0-12; penis 0-066 x 0-033; 
uterine bell length 0-095; uterus 0-29; anterior portion of the uterus 0-09; 
posterior portion 0-20; vagina, length 0-0175; vaginal glands 0-105; ova 
(spindle-shaped) 0-026. (The measurements of the female taken from a medium 
sized worm.) 








Fig. 5. a, posterior portions of the male and the female during copulation, showing their mode of 
attachment. 6, The semi-retracted vagina of the female after copulation. c, the posterior 
portion of the female showing the vagina in the normal state. 


While tallying with the generic diagnosis of the genus Acanthosentis my 
species differs from the type species of Verma & Datta (1929) in the size and 
shape of the body, the extent of the spines on the body, the shape of the 
proboscis, the size of the lemnisci, the size of the genitalia and the number of 
subcuticular nuclei. 

Host: Barbus ticto (Ham. & Buch.) and B. stigma (Cuv. & Val.) 

Location: Small intestine. 

Locality: Calcutta. 

Type specimens deposited in the collections of the Zoological Survey 
of India, Indian Museum, Calcutta. 
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I 


REFERENCES to dipterous parasites of Diptera are rare in the literature. 
Bombyliids of the genera Villa and Thyridanthraz have been reared from the 
puparia of Glossina; Hemipenthes morio L., from the tachinid Parasetigena 
segregata Rond., and the sarcophagid Sarcophaga affinis Fall.; Argyramoeba 
varia F. from the tachinid Stwrmia inconspicua Mg. The phorid Hypocera 
incrassata Mg. was found by H. M. Morris! in dead and unhealthy larvae of 
Bibio marci L. Only one larva of Hypocera was obtained from each specimen 
of Bibio, and the account given by Morris suggests that this species is a true 
parasite. The evidence is, however, not absolutely conclusive and further study 
of this interesting species is desirable. The same thing must be said of E. E. 
Edwards’ record of Aphiochaeta brevicostalis Wood, as a parasite of Tipula sp.” 

Several cases of parasitism of Diptera by tachinids have been recorded. 
Bezzi & Stein doubtfully record Phorocera assimilis Fall. as a parasite of 
Ortalis stabilis R.-D.; J. Ritzema Bos, on the authority of Dr F. Rambousek, 
gives Melanophora atra Macq. as a parasite of the beet-fly, Pegomyia hyoscyamit 
Panz., while Brauer & Bergenstamm list Petina erinaceus Fabr. as reared from 
the pupa of the trypetid, Zonosema alternata Fall., whose larvae live in hips or 
haws; and, doubtfully, Siphona tachinaria (Mg.) Brischke, from Anthomyia 
nigritarsis Mg. None of these records seems credible. Phorocera assimilis and 
Petina erinaceus have been recorded from lepidopterous hosts; Melanophora 
atra Macq. is a synonym of M. roralis L., which is parasitic on wood-lice; the 
Siphona tachinaria is Bucentes cristata Fabr. 

On the other hand, several species of tachinids undoubtedly attack the 
larvae of tipulids. Bucentes geniculata Deg. has been recorded from undeter- 
mined species of the genus Tipula, B. cristata Fabr. from Tipula gigantea, 
T. maxima Poda., T. oleracea L., and T. paludosa Mg. Admontia amica Mg. & 
A. blanda Fall. have been reared from Tipula spp., while Trichoparia seria Mg. 
is stated to be parasitic on Ctenophora pectinicornis L., Xiphura atrata L., and 
X. ruficornis Mg. The genera Admontia and Trichoparia are regarded by 
systematists as closely related. So far as I know, T'richoparia and the European 
species of Admontia attack only Tipulids; but Bucentes is also a parasite of 
Lepidoptera, while species referred in America to Admontia attack both 
Lepidopterous caterpillars and sawfly larvae. 


1 Morris, H. M. (1922), Parasitology, 14, 70-74. 
2 Edwards. E. E. (1929), Ann. Appl. Biol. 16, 320-21. 
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II 


Early in 1915, my friend Prof. D. Keilin, F.R.S., gave me two myceto- 
philid larvae, belonging probably to the genus Sciara, which had been collected 
from rotten wood in the vicinity of Paris by Mr W. Gamkrelidze, and contained 
the larva of a dipterous parasite. Owing to an accident, Prof. Keilin did not 
succeed in rearing either the host or the parasite. The writer published a 
preliminary note in regard to the larva in March 1915.1 Since that time he 
has frequently looked for the parasite in mycetophilid larvae, but without 
success. Dr 8. Madwar, who has recently carried out a careful and thorough 
study of the larvae of the Mycetophilidae, under the direction of Prof. Keilin® 
has neither found the parasite, nor any further record of it. He mentions it 
in his list of parasites (p. 93) but gives no reference in the bibliography to the 
description published by the present writer. It seems, therefore, worth while 
to put the available facts on record, in the hope that some other worker may 
discover this interesting form and determine its identity. 


Ill 


Although only the primary larvae of the parasite has been found, its 
structural characters enable us to assign it to its proper group. The body is 
relatively elongate (Fig. 1), approximately circular in section, tapering at 
both ends, but more markedly toward the anterior region, which terminates 
in a much reduced head, without organs of vision or appendages, bearing only 
a few minute sensoria. The skin is transparent, colourless and naked, save 
for some very minute and almost invisible spinules, whose arrangement could 
not be determined with certainty. No appendages were present on any of the 
segments. A tracheal system is probably present, but neither anterior nor 
posterior spiracles could be detected in the specimens examined. This reduction 
in the respiratory system is probably correlated with the mode of life. The larva 
lies free in the body cavity of the host, having no connexion with either the 
skin or the tracheal system and presumably obtains its oxygen through its 
thin body wall. The digestive system is relatively simple in structure. The 
mouth opening, which is on the ventral side of the vestigial head, or pseudo- 
cephalon, opens into a pharynx provided with a buccopharyngeal armature, 
of the characteristic cyclorrhaph type. The armature (Fig. 2) is lightly built 
and rather feebly chitinized, only the anterior region being heavily pigmented. 
The intermediate and anterior regions merge one into the other, forming a 
slightly curved, elongate stylet-like sclerite, which, judging from its structure, 
can be used only as a piercing organ. The basal region, which is about two- 
thirds the length of the anterior and intermediate regions combined, is feebly 
pigmented, with the dorsal and ventral wings about equal in length. Below 


1 Thompson, W. R. (1915), C. R. Soc. Biol., Paris, '78, 87. 
2 Madwar, S. (1937), Philos. Trans, B, 227, 1-110. 
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the base of the intermediate region is the sclerite of the salivary gland, above 
which opens the salivary duct. The salivary duct bifurcates and each branch 
opens in the fourth segment into a voluminous, thin-walled salivary gland, 
which extends backwards into the eighth segment. The oesophagous is straight; 
it passes in the fifth segment between the dorsal and ventral nerve masses and 
empties through the usual oesophageal valve, into the mid-intestine, which 
appears to be straight. At the point where the mid-intestine joins the hind 
intestine arise the malpighian tubes, of which I have so far been able to detect 
only an anterior pair, with the usual recurrent portion. On either side of the 
anterior end of the hind intestine is the usual rudiment of the gonad. The 





Figs. 1 and 2. 


nervous system is of the typical cyclorrhaph form; the supra-oesophageal 
ganglia, which are elongate, extend from about the posterior part of the 
fourth segment into the posterior part of the sixth segment. The suboeso- 
phageal mass extends from the posterior part of segment four into the eighth 
segment. 

Owing to the absence of living material and the immaturity of the only 
larvae available for study, the foregoing account of the anatomy is necessarily 
incomplete and subject to revision. Nevertheless, it is clear that the general 
structure of the parasite is in every respect of the Cyclorrhaph type. Judging 
from what we know of the larvae of the Aschiza (Phoridae, Platypezidae, 
Pipunculidae and Syrphidae), it can hardly be a member of this group. It 
seems, therefore, that it must belong to one of the families of the Muscoidea. 
The writer originally supposed it to be either a tachinid or a dexiid. It closely 
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resembles the primary larvae of those groups in its general structure, parti- 
cularly in the buccopharyngeal armature, which is a very simple type, without 
any articulation or separation between the anterior, intermediate and basal 
regions, such as is frequently found in free-living larvae, and without any of 
the accessory sclerites that occur in these forms. On the other hand, this 
general simplification in structure may merely be correlated with the parasitic 
existence and might appear in members of other groups that have developed 
a parasitic habit. The larva of the Sciara parasite is quite different from those 
of Admontia, Trichoparia and Bucentes that I have examined. If it normally 
develops in Sciara, the adult must be very small. It may, therefore, be an 
Acalypterate Muscid of parasitic habit. 


W. R. THOMPSON 


IV 


As has been already noted, relatively few Diptera, especially of the higher 
groups, are parasitic on other Diptera. It seems worth while to consider 
briefly the significance of this fact. 

It is clear that it has no simple explanation. It might be thought that 
species have a kind of natural repugnance to the use of members of related 
groups as food. This is obviously not true. Chalcids and ichneumonids develop 
as secondary parasites on other Hymenoptera, often on members of their own 
groups. So far as the writer is aware, no Braconids are known to do so, but 
according to Schmiedeknecht! braconids are never secondary parasites. 
Furthermore, as the example of the Bombyliidae shows, Diptera may, on 
occasion, be secondary parasites on parasitic Diptera. 

Another suggestion would be that the larvae of the Diptera are, in general, 
much less accessible than those of such groups as the Lepidoptera, and can, 
therefore, be attacked successfully only by parasites that possess piercing 
ovipositors, able to reach the host even when it lies some distance below the 
surface of the material in which it lives. But the aphidophagous syrphids are 
just as much exposed to parasitic attack as leaf-feeding Lepidoptera, and yet 
have no dipterous parasites. Furthermore, some Dipterous parasites, such as 
the Pipunculids, and genera like Doryphorophaga, Compsilura and Dexodes 
among the tachinids, actually possess piercing ovipositors, and though their 
organs are not in fact sufficiently developed to reach deeply buried hosts there 
does not seem to be any reason why this additional development should not 
have occurred. Finally, though they do not possess elongate piercing ovi- 
positors, many dipterous parasites have an almost equally efficient method of 
attacking deep-feeding hosts, viz. the production in large numbers of migratory 
larvae, which can penetrate into the galleries of hosts feeding in plant tissue, 
or into the ground, and have, in many cases, special structural adaptations 
facilitating their task. The only generalization of any significance it seems 
possible to make, is that the distribution of entomophagous parasites among 


! Schmiedeknecht (1907), Die Hymenopteren Mitteleuropas. 
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their possible hosts seems determined, in the main, by the combination of 
abundance and accessibility. Forms like the leaf-feeding caterpillars of the 
Lepidoptera, and the larvae of the saw flies, that are common and live exposed 
to attack, are sluggish in their movements and devoid of resistant armature 
seem, in general, to support the most abundant fauna of insect parasites. 

These facts are so well known that it seems needless to comment on them. 
Nevertheless, from the standpoint of evolutionary theory, particularly 
Darwinian theory, they are not without interest. The basic idea of Darwinian 
evolutionism is that organisms present random variations in all directions, and 
that it is through the action of natural selection on these that organic diversi- 
fication arises. Modern Darwinism has not departed from this view. The 
mathematical work carried out in connexion with genetics represents, indeed, 
an attempt to place the essential elements of the original theory on a more 
solid foundation. 

The fundamental idea in Darwinism is that evolution is altogether un- 
directed—a process that happened, in fact, to take certain directions, but 
merely as a result of chance; and might, given slight differences in circum- 
stances, and, consequently, in the mode of natural selection, have followed 
quite different courses. It seems correct to say that according to this theory, 
even in its modern form, the organism is regarded as completely plastic. 

The facts collected in regard to the distribution of parasites among possible 
hosts suggest, on the contrary, that the plasticity of organisms is strictly 
limited. If, as the Darwinian theory postulates, the characters of organisms 
have all been engendered by an intense struggle for existence, through the 
mere action of natural selection on an essentially plastic creature, it seems that 
the utilisation of the possibilities of the environment by living things should 
be infinitely greater than it is. All possible ecological niches ought to have 
their specific tenants, just as all the multitudinous characters of organisms 
have—at least according to Darwinians—their specific uses. We cannot, of 
course, expect every square inch of space to have its particular denizen, owing 
to the rapid change in environmental conditions; but organisms, in regard to 
their internal parasites, at least, may be considered as relatively constant and 
definitely specific ecological niches for which the pressure of Natural Selection 
and the Struggle for Existence should, on Darwinian theory, have moulded 
occupants. We find, on the contrary, that immense numbers of them remain 
untenanted and as it is impossible to imagine that opportunity for the develop- 
ment of parasitic forms has been lacking, some intrinsic obstruction must exist. 
Here, as elsewhere, therefore, the potentialities of evolution are evidently 
limited. Evolution has not proceeded in the manner postulated by Darwinian 
theory, but only along certain particular channels. 


(MS. received for publication 29. x. 1937.—Ed.) 
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I. INTRODUCTION 


““BLACKHEAD ” (enterohepatitis), a widespread, infectious and frequently fatal 
disease of turkeys, has been recognized as a definite syndrome since 1895, 
when Theobald Smith described the symptoms and pathological changes and 
ascribed their cause to a protozoon, Amoeba meleagridis, which he found in 
the liver lesions. Working upon material taken from liver lesions of infected 
turkeys, Tyzzer (1919) studied the division of the protozoon and recognized 
a similarity to the method of division in Trichomonas. He described a dumb- 
bell shaped extranuclear body which lay near to or in contact with the nuclear 
membrane. Whilst studying living organisms from similar sources, at 41—42° C., 
he (1920) saw great amoeboid activity and also a pulsating movement. He 
concluded that this movement, together with the trichomonad-like type of 
division and the extranuclear body, indicated that the organism was a 
flagellate in which the kinetic structures were intraprotoplasmic in the 
amoeboid phase. His figures show no flagella. He renamed the organism 
Histomonas meleagridis and placed it in the Tetramitidae. Later Tyzzer & 
Fabyan (1922) found a flagellated stage of Histomonas in the caeca of an 
experimentally infected turkey, which had been hatched in an incubator and 
reared free from the intestinal Protozoa with which these birds are normally 
infected. 
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At an early stage of the research upon blackhead, it was realized that in 
addition to the turkey the common fowl was also frequently infected, though 
in it the disease seldom became acute. Curtice (1907) thought that chickens, 
though rarely showing symptoms, might be an important factor in the 
dissemination of the disease. Jowett (1911) working in South Africa, made 
similar observations. Smith (1915) found parasites similar to those present 
in the liver of turkeys suffering from blackhead, in sections of liver tissue 
from fowls. In 1908 Tyzzer (see Tyzzer, 1919) saw blackhead lesions in the 
caeca of a chick less than 4 weeks old. He also saw a small lesion in one of 
the caeca of a 2-year-old hen. Smith & Graybill (1920), Tyzzer & Fabyan 
(1922), Delaplane (1932), and Allen (1936) all report typical blackhead lesions 
in chickens. Tyzzer & Fabyan were able to produce typical blackhead infection 
in turkeys by infecting them with blackhead liver lesions from a chick. Tyzzer 
(1924, 1934) has also infected chicks, by the rectum, by injection with liver 
tissue from infected turkeys. From the observations of all these workers it 
appears that blackhead infection in the chick is very mild, that natural 
infection occurs when the chick is young, and that although spontaneous 
clinical recovery usually occurs, Histomonas persists, and the chick becomes 
a “carrier” capable of infecting other chicks and turkeys reared with them. 
The occurrence of blackhead in an acute form in fully grown fowl seems to 
have been very rare, but during the past year it has occurred in several 
localities in England amongst laying stock (Bayon & Bishop, 1937). 

Cultures of Histomonas, with a mixture of bacteria, were first obtained by 
Drbohlav (1924) who obtained his initial inocula from the caecal discharges 
of chickens infected with blackhead. Delaplane (1932), Tyzzer (1934) and 
De Volt & Davis (1936) have all cultivated H. meleagridis from intestinal 
contents or from faeces, but attempts to cultivate it from lesions (Tyzzer, 1934) 
failed. Allen (1936) cultivated it from a turkey’s liver, but only for several 
transplants, and published no observations upon the cultivation. 

In spite of the large number of careful observations and the experimental 
work, summarized by Tyzzer (1934) and De Volt & Davis (1936), which has 
supported Smith’s (1895, 1915) claim for the protozoal nature of the infective 
agent of blackhead and Tyzzer’s (1920, 1934) claim that this protozoon is a 
flagellate, H. meleagridis, a doubt seems to linger in some minds regarding the 
correctness of these assertions. Thus, recently Enigk (1935) contends that a 
fungus is the causative agent, and Allen (1936) believes it probable that 
H. meleagridis and Pentatrichomonas might both produce similar lesions in 
the liver and caeca of poultry. 

The crucial test, of cultivating a bacteria-free strain of Histomonas 
meleagridis and feeding it to turkeys bred from sterilized eggs and kept under 
strictly controlled conditions, has not yet been made. If, under these con- 
ditions, blackhead lesions were produced, the proof of the culpability of 
H. meleagridis would be complete—unless it could be proved that an infective 
virus lived symbiotically in culture with H. meleagridis! It was with the hope 
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of making some progress towards this final test that the present work was 
undertaken; but, though a strain of H. meleagridis has been obtained from 
liver lesions of an infected hen and cultivated for more than a year, bacteria- 
free cultures have not yet been obtained. 


ANN BISHOP 


II. CyToLOGICAL METHODS 


Infected liver tissue was fixed with Bouin’s fluid and the sections were 
stained with aqueous iron haematoxylin. Smears from the cultures of 
H. meleagridis and from the caecal contents of the infected poultry were fixed 
with Schaudinn’s fluid with 5% glacial acetic acid, and stained with aqueous 
iron haematoxylin. Light green was sometimes used as a counterstain to help 
in demonstrating the flagellum. Noland’s (1928) combined fixative and stain 
proved useful in the study of the flagellum. 


III. Cuttivation or HisTOMONAS MELEAGRIDIS 


On 3 December 1936, Dr H. P. Bayon brought me a dead Rhode Island 
Red hen. We opened the peritoneal cavity, with aseptic precautions, and 
examination revealed hepatic and caecal lesions which were macroscopically 
and microscopically similar to those occurring in turkeys suffering from black- 
head. No other type of lesion was found. Before the alimentary canal was 
disturbed material was taken, with precautions against contamination, from 
the liver lesions, and inoculated into a tube containing an inspissated whole-egg 
slope covered with horse-serum diluted 1:8 in Ringer’s solution. A little 
solid, sterile rice-starch was added before inoculation. Other similar tubes 
were then inoculated with caecal contents, and with scrapings from the caecal 
walls. The tubes were incubated at 37° C. In the tube inoculated with necrotic 
material from the liver H. meleagridis, together with a growth of mixed 
bacteria, appeared within 24 hr. The strain of Histomonas cultivated from this 
culture is called the CL. strain throughout this paper. In the tubes inoculated 
from caecal contents and scrapings Trichomonas, Chilomastiz and Blastocystis 
grew, but Histomonas never appeared. 

The growth of H. meleagridis in the egg-slope serum—Ringer medium was 
good but the cultures lasted, on an average, only 3 days. In the liver medium 
of Cleveland & Saunders (1930) a heavy growth of bacteria occurred, and 
Histomonas grew very sparsely and died out within a few transplants. In the 
agar serum-saline medium with rice-starch, used by Tyzzer (1934), the histo- 
monads grew excellently and the growth of bacteria was slight. Such cultures 
lasted 5-10 days and the strain has been carried on in this medium for over 
10 months. In the medium introduced by Dobell & Laidlaw (1926), consisting of 
an inspissated horse-serum slope covered with Ringer egg-white with the addition 
of a little solid, sterile rice-starch before inoculation, growth was very heavy. 
Cultures in this medium lasted 5-7 days and the strain has been cultivated 
in it for over 9 months. 
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In horse-serum diluted 1: 8, without a slope but with solid rice-starch, 
transplants of H. meleagridis have grown excellently for nearly 4 months and 
show no lack of vigour. This medium was used by Laidlaw, Dobell & Bishop 
(1928) for estimating the toxicity of emetine for Entamoeba histolytica as it 
was shown that the toxicity of the drug to the protozoon could not be estimated 
accurately on a part-solid part-liquid medium. As Histomonas meleagridis will 
live insuch asimple medium it should prove useful for the testing of drugs in vitro. 

The pH cultures less than 3 days old lay between 7 and 6-5, but on 
succeeding days it fell. In two 8-day-old cultures, on the Tyzzer medium, the 
pH was 5-4-5 and a few living histomonads were seen; but in tubes having 
a pH of 4-3-5 no living individuals were found. 

H. meleagridis has been grown in the above media since 3. xii. 36 at 
36-5-37° C. At 40° C. the cultures required transplanting more frequently and 
the growth became poorer. De Volt & Davis (1936) found the optimum 
temperature for their cultures of H. meleagridis from the caecum to be 42° C., 
while those incubated below 37-5° C. did not develop. 

H. meleagridis, in culture, appears to be very sensitive to a drop in tem- 
perature. At room temperature (18-22°C.) in 3 out of 4 cultures all the 
Protozoa appeared to be dead within 24 hr., and when transplanted into fresh 
media and incubated at 37°C. no histomonads appeared. In the fourth 
culture a few histomonads were alive for 24 hr., but all were dead, as proved 
by subcultivation and incubation at 37° C., within 48 hr. 

To test whether lower temperatures were equally harmful, a culture was 
examined after 24 and 48 hr. at 5°C. No histomonads were found, and 
subcultures were negative. This experiment was repeated twice with the 
same results. 

As described above, this CL. strain of Histomonas was not sterile bacterio- 
logically, for the cultures contained a mixture of bacteria which were derived 
either from initial air-borne contamination when the fowl was dissected, or 
from the actual liver lesions. Smith (1915) found that bacteria were rather 
uncommon in liver necroses in turkeys killed at the height of the disease, but 
that they soon appeared after the death of the bird. Rettger & Kirkpatrick 
(1927) found a coccus in cultures prepared from infected liver tissue, and 
also a spirochaete or spirillum in several cultures, but failed to establish either 
of these organisms as a constant factor in blackhead lesions. Since the 
presence of bacteria in the liver lesions of turkeys newly dead did not appear 
to be constant, to obtain a bacteria-free strain of H. meleagridis from liver 
lesions was theoretically possible, provided that a suitable medium was used. 
Further attempts to isolate such a strain were therefore made. Dr Bayon 
kindly brought me 4 turkeys, newly dead from blackhead and which showed 
typical liver lesions. Cultures were made, with precautions against con- 
tamination, but in none of them did Histomonas appear. The culture from the 
liver lesions of one turkey appeared to be free from bacterial growth in the 
horse-serum Ringer egg-white medium, and in subculture from this into broth. 
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No tests for anaerobic growth were made. In all other cultures bacteria grew. 
Dr Bayon also brought me a hen and a cockerel 4 weeks old, both of which 
showed hepatic lesions of the blackhead type, but the cultures from them 
were negative for Histomonas, though not for bacteria. We could only conclude 
that our initial success (strain CL.) was the lucky result of the presence of 
a compatible flora. 

From the liver of a turkey killed on 5 May 1937, the lesions of which did 
not differ macroscopically from typical blackhead lesions, a strain of Tricho- 
monas, with 4 free flagella, was obtained. Sections of the liver lesions showed 
a heavy infection with Histomonas meleagridis, but Trichomonas could not be 
found. On several occasions De Volt & Davis (1936) isolated Trichomonas in 
culture from liver lesions. They were unable to find the trichomonad in smears 
from the organ, but Histomonas was present. Niimi (1936) says that he isolated 
1 strain of Trichomonas and 5 strains of Chilomastiz from the liver of chickens 
naturally infected with Histomonas. Allen (1936) found Pentatrichomonas in 
liver sections of 2 young guinea-fowls and states that she produced lesions 
containing Pentatrichomonas in turkeys experimentally fed with cultures of 
this flagellate. 

Since in the turkey liver from which I cultivated Trichomonas the hepatic 
lesions were extensive and showed a heavy infection with Histomonas but no 
Trichomonas, I am of the opinion that the trichomonads were the result of 
a secondary invasion of the liver by way of the blood stream—occurring 
immediately before or just after death—and were themselves of no pathological 
significance. 
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IV. INFECTION OF PROTOZOA-FREE CHICKS WITH CULTURES 
oF HISTOMONAS MELEAGRIDIS 


In chickens blackhead infection appears normally to be of a mild type. 
Lesions appear in the caecum and a core is formed, but this is usually expelled 
and the chicken gradually recovers. Extensive liver lesions appear to be rare 
in this host. As the CL. strain of H. meleagridis had been isolated from the 
liver of a hen which had died of blackhead, and which had extensive hepatic 
lesions, it seemed possible that the strain might be more virulent for chickens 
than is usually the case. In addition to testing the virulence of the strain 
I was anxious to obtain liver lesions under experimental conditions as a 
possible source of bacteriologically sterile cultures of histomonads. 

Hens’ eggs were washed and scrubbed and incubated in an incubator 
which had been carefully cleaned and sterilized. A hut, situated on the 
Institute roof away from other poultry, having its floor raised well above the 
surface of the roof, was sterilized by washing with crude cresol. Overlapping, 
elastic-edged curtains were attached over the doorway to prevent the entry 
of flies when the door of the hut was opened. A small, new, electric brooder, 
which had been cleaned, was used inside the hut for rearing the chickens. 
The internal brooder chamber and the run attached to it were each divided 
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into two parts by a solid metal partition. This had flanges on its edges to 
prevent food or droppings from being kicked over from one division to the 
other. Drinking-water was sterilized by boiling. The food used was battery 
brooder mash of first quality. It was sterilized by autoclaving for } hr. at 
15 lb. pressure, and 2%, cod-liver oil, from a bottle kept solely for this purpose, 
was rubbed into the mash, on cooling, to replace the vitamins destroyed by 
heat. Hard-boiled eggs, finely chopped, were given twice a week. Feeding 
and drinking vessels were boiled frequently. I looked after the chickens myself 
and had no contact with other poultry. 


Table I 

No. Date Date Generation Culture 

of of when of CL. Post-mortem Caecal from caecal 
bird feeding killed strain examination content content 

I 27. v. 37 1. vi.37 46th Liverandcaecanormal Neg. Neg. 

II ‘ 2. vi. 37 45th Liver normal. Caeca H. meleagridis H. meleagridis 

empty 
III ™ 16. vi. 37 46th Liverand caecanormal Neg. - 
IV » ie 45th Liver normal. Caeca H. meleagridis - 


enlarged. Caecal cores 
V 3l.v.37 Ill. vi.37 47thand 60th Liver normal. Caeca - 
enlarged, cheesy exu- 


date 
VI Pe 15. vi. 37 - Liver pale, no lesions. - = 
Caeca enlarged, caecal 
cores 
VIL oi 16. vi. 37 46thand 60th Liver normal. Caeca oo “a 
enlarged, caecal cores 
VIII “a 11. vi. 37 ™ a = ” - 
IX 2. vi.37 17. vi.37 47th and 61st ae we oe H. meleagridis 
(CX. strain) 
xX = *” ” ” is ‘“ H. meleagridis 
XI ‘ib 16. vi. 37 io Liver normal. Caeca i - 
enlarged 
XII 8. vi. 37 15. vi.37 46thand63rd_ Liver pale, no lesions. oo a 
(by rectum) Caeca enlarged 
XIII Control 1. vi. 37 — Organs normal Neg. Neg. 
XIV + 11. vi. 37 = * * o 
XV ” ” se 2” ” ” 
XVI a 18. vi. 37 -- ve me a 
XVII ’ ” — ” Pd ” 


The chickens, White Leghorns, were hatched on 12-13 May 1937. Five 
were kept in one division as controls, and received food and water from the 
same source, though in separate containers, as the chicks in the other division 
which were experimentally infected. Inoculation, oral or rectal, was done by 
a fine catheter tube on the end of a 10 .c. glass syringe. Cultures 2-3 days 
old, showing a heavy growth of H. meleagridis, were used. About 2 c.c. was 
given to each bird. Several of the chicks drooped a little 7-10 days after 
inoculation but none showed acute illness before they were killed. 

The intestinal Protozoa and Blastocystis, which normally are present in the 
intestinal tract of chickens, were absent both in the experimental birds and 
in the controls. Histomonas meleagridis was not found in the caecal content 
of the control birds or in cultures made from it. All the internal organs of the 
control birds were normal. The precautions taken in sterilization and isolation 
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had therefore been adequate. Of the 12 chicks inoculated with cultures of 
H. meleagridis only one failed to become infected; one showed no lesions nor 
could the protozoon be found in the caecal content, but a culture made from 
this showed a good growth of H. meleagridis. In the remaining 10 the caeca, 
in addition to the presence of H. meleagridis, showed morbid changes varying 
in degree, but all showed definite enlargement and thickening of the walls. 
In one bird both the enlarged caeca were filled with a cheesy exudate. In 
6 birds each caecum was blocked completely by a hard core which extended 
the full length of the organ. 

When Tyzzer & Collier (1925) inoculated young turkeys orally with lesions 
from the livers of birds suffering from blackhead, 7 out of 18 became infected, 
and died between the 11th and 15th day after inoculation. After rectal 
inoculation of similar material 16 out of 20 became infected and died 10-20 days 
after inoculation. Tyzzer (1934) recommends rectal inoculation as a more 
reliable method of establishing an infection than oral inoculation. Using 
cultures of H. meleagridis isolated from the caeca of birds which had been 
experimentally infected by feeding liver lesions from a turkey suffering from 
blackhead, De Volt & Davis (1936) inoculated turkey poults (18-23 days old) 
either orally or rectally. The inoculations were repeated on several successive 
days. Within 10-14 days blackhead lesions were produced, in both liver and 
caeca, in 29 out of 33 birds. In comparing these results with those in Table I 
it will be seen that in the turkey poults the infection was much more virulent 
than in the chicks infected with the CL. strain. As a result of an equal period 
of infection, the turkey poults died and blackhead lesions were present in both 
liver and caeca, whereas the chicks appeared fairly fit and on being killed only 
caecal lesions were found. When Delaplane (1932) inoculated 58 turkeys 
rectally with ground-up liver and caecal lesions 49 became infected and 
24 showed liver lesions. Of 21 chicks which he inoculated in a similar way, 
with material from the same source, 13 developed blackhead lesions but in 
only 3 were liver lesions found. 

Although the CL. strain was isolated from the liver lesions of a hen which 
had died of blackhead, the strain did not produce liver lesions in experimentally 
infected chicks in the same period of time that Tyzzer & Collier and De Volt 
& Davis had produced liver lesions in turkey poults with material from similar 
lesions. The CL. strain cannot therefore be regarded as a specially virulent 
strain to chicks, though its infectivity (11 out of 12 chicks) is high. Un- 
fortunately, it has been impossible up to now to test its virulence in turkey 
poults. 
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V. Description oF HisTOMONAS MELEAGRIDIS IN CULTURE 


Our knowledge of the morphology of H. meleagridis is based chiefly upon 
Tyzzer’s (1919) description of the organism in lesions, in caecal contents of 
experimentally infected chickens (Tyzzer, 1934), and in cultures made from 
caecal contents (Tyzzer, 1934). In the tissues Histomonas was described as 
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amoeboid, with an extranuclear body, but no visible flagellum. In caecal 
content, or in cultures made from it, the organism was flagellate with usually 
1 but sometimes 2, or even 4 flagella. It was of interest therefore to see whether, 
when cultivated from liver lesions, H. meleagridis would differ morphologically 
from caecal forms. 

When examined at room temperature (18-22° C.), the greater number of 
H. meleagridis (CL. strain) are, at first, rounded up. A few individuals show 
a rotatory movement. If left between slide and coverslip for a longer period 
at this temperature some individuals show amoeboid movement. This occurs 
much more frequently in the Tyzzer medium than in the other media used 
(p. 183). It appears to be due to the adherence of the histomonads to small 
flakes of agar which have separated from the surface of the slope. H. melea- 
gridis becomes amoeboid more readily when adhering to a solid substratum. 

When examined at 37°C. Histomonas shows great amoeboid activity, 
change of shape occurring rapidly. Frequently long, tapering pseudopodia, 
which branch distally, similar to those figured by Tyzzer (1934, Pl. VI, figs. 
39-46), are formed in addition to the more lobose type. The body frequently 
becomes spread out into a thin sheet of protoplasm, the shape changing 
frequently as the pseudopodia are put out or retracted. Sometimes long, thin, 
slug-like forms are seen. The possession of a flagellum appears to be normal 
in Histomonas of the CL. strain. The flagellum is very fine and hair-like and 
is difficult to see in these amoeboid forms. Often its position is first indicated 
by the movement of the bacterial flora in the current set up by the beat. 
In amoeboid forms the beat is slow. In a few individuals 2, or even 4 flagella 
were seen (p. 190). 

Soon after I began to study living Histomonas at 37° C. a large individual 
was seen in which careful observation failed to reveal a flagellum. This 
Histomonas gradually ceased to put out normal pseudopodia and took on a 
flattened, oval form with a few minute pseudopodia at each end. After a few 
minutes an indentation in the equatorial plane appeared on one side of the 
organism. It gradually increased in depth and a similar indentation appeared 
on the opposite side so that the organism was almost constricted into two 
parts. Pseudopodial activity was resumed at both ends and the two halves 
began to move apart, the isthmus becoming long and thin. Eventually it 
snapped across and its two halves were slowly absorbed by the respective 
daughter organisms. These, now freed from each other, moved away. In 
some individuals which contain few, or no food inclusions, the actual elongation 
of the nucleus and its division into two parts can be followed. The division 
process has been watched many times and flagella have never been seen on 
dividing individuals. The movements of daughter organisms have been 
followed for over half an hour but the outgrowth of a new flagellum did not 
take place in this time. Multiple division was never seen. 

H. meleagridis (CL. strain), when fixed and stained, measures 8-19 across 
the greatest diameter, with an average of 10-l4y. Living, amoeboid forms 
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are considerably larger than this, but their shape is so irregular and changes 
so rapidly that it is impossible to measure them with any degree of accuracy. 
The cytoplasm may appear homogeneous except for food inclusions (fig. 1) 
or it may be granular (figs. 2 and 4). It is often impossible to distinguish 
ectoplasm and endoplasm in organisms which are fixed and stained. In 
histomonads which are not preparing to divide the nucleus is spherical (fig. 2) 
or somewhat pear-shaped (figs. 3 and 4). There is a well-defined nuclear 
membrane and a globular, siderophilic karyosome, which is central or sub- 
central. Such nuclei have few or no extra-karyosomic granules. The flagellum 
arises from a single blepharoplast (=extranuclear body, Tyzzer, 1919) which 
may lie in apposition to the apex of the nucleus (fig. 3) or, in some individuals 
in which the nucleus is globular, at a slight distance outside the nuclear 
membrane and connected to it by a pair of fine rhizoplasts (fig. 2). In some 
individuals a deeply staining fibril arises from the blepharoplast and ends 
freely in the cytoplasm towards the posterior end of the body (fig. 3). Indi- 
viduals having this fibril seemed to be most frequent in cultures with a low 
division rate. In forms present in lesions, as described and depicted by 
Tyzzer (1919), several fibrils can be seen radiating out from the extranuclear 
body (=blepharoplast). With the exception of the axostyle-like fibril described 
above and the rhizoplasts connecting the blepharoplasts with the nuclear 
membrane in some individuals (fig. 2), such fibrils are absent in the CL. strain 
of Histomonas. 

The first sign of approaching division is the appearance in the nucleus of 
a varying number of deeply staining granules in place of the single large 
karyosome (fig. 1). In some such individuals the blepharoplast appears hour- 
glass shaped. The amount of chromatin increases and 6-8 large, discrete 
granules are formed. The nuclear membrane disappears, the blepharoplast 
divides and the daughter blepharoplasts move apart but remain connected by 
a definite, deeply staining centrodesmose (fig. 5). By the time this stage is 
reached the organism has lost its flagellum. In a few individuals (fig. 6) the 
chromosomes appeared to be constricted as though dividing across the equator. 
The blepharoplasts move farther apart and the centrodesmose lengthens. The 
chromosomes divide and converge in equal groups round the daughter 
blepharoplasts at each pole (fig. 7). It is difficult to decide if the number of 
chromosomes is constant as the daughter chromosomes are not always 
spherical; but 6-8 at each pole is the average count. The chromosomes become 
so closely aggregated at the poles (figs. 8 and 9) that it is impossible to 
distinguish the daughter blepharoplasts. The chromatin becomes aggregated 
into two irregular masses. The cytoplasm constricts equatorially and eventually 
two daughter individuals are formed connected only by the centrodesmose 
(figs. 13 and 14) which becomes thinner and finally breaks across. The daughter 
nuclei rapidly take on the normal form of the resting nuclei. The increase in 
the amount of stainable material in the nucleus during division, compared 
with the amount in the resting nucleus, is very striking. 
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In the fixed and stained material, of two daughter individuals at the final 
stage of division (fig. 14) one had a flagellum. It is possible that the organism 
had divided and retained the flagellum throughout the process, but it seems 
more probable that a new flagellum had been formed in one daughter organism 
earlier than in the other. The reconstruction of the nucleus in this organism 
was completed. With this exception a flagellum was never seen during the 
division process. It has not been possible to study the growth of the new 
flagellum in the daughter flagellates. 

Tyzzer (1934) observed nuclear division in flagellate forms with 1, 2 or 
4 flagella as well as in aflagellate forms. 

In a few individuals (fig. 11), the daughter nuclei are restored to the 
resting form before division of the body occurs. In some cultures the proportion 
of these binucleate individuals to uninucleate is high, but in all cultures an 
appreciable number of such forms occur. In binucleate individuals the nuclei 
usually lie close together (fig. 15). Binucleate forms have been seen, not 
infrequently, in which the two nuclei are dividing simultaneously (figs. 16 
and 17). Division of the body may follow the nuclear division (fig. 18) so that 
two binucleate histomonads are produced, but the presence of a few quadri- 
nucleate individuals in cultures indicates that sometimes this cytoplasmic 
division does not occur. A few trinucleate individuals (fig. 19) have been 
found. The method by which they are produced has not been seen. They might 
be the result of the division of only one nucleus in a binucleate organism, or 
the separation of a uninucleate individual from a quadrinucleate Histomonas. 
Though Tyzzer (1934) saw binucleate forms, he did not see forms with a 
greater number of nuclei. Smith (1915) suggested that multiple division might 
be a normal stage in the life history, but forms with more than 4 nuclei have 
not been seen in the CL. strain. 

The strain of Histomonas (CX. strain) isolated from the caecal content of 
chicken No. 9, which had been injected orally with the CL. strain (Table I), 
also has been studied. In structure and method of division it does not differ 
from the strain isolated from the liver (CL. strain). Histomonas in smears 
from the caecal content of the experimentally infected chickens was similar 
in structure to the CL. strain. . 

In neither the CL. nor the CX. strains were cysts found. 


VI. THE INGESTION OF RED BLOOD CORPUSCLES 
BY HISTOMONAS MELEAGRIDIS 


In culture Histomonas (CL. and CX. strains) fed upon the bacteria associated 
with the strains and upon the rice starch in the media. In the host Tyzzer 
(1934) observed that Histomonas not infrequently ingested red blood corpuscles. 
Drbohlav (1924) found that when cultivated upon blood-agar Histomonas, 
isolated from caecal contents, ingested red blood corpuscles from the medium; 
and Tyzzer (1934) has confirmed this. My original strain of H. meleagridis 
(CL. strain) isolated from liver tissue, when in its 34th generation and after 
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4 months in culture, ingested a few human red blood corpuscles. The 35th 
generation refused to ingest similar corpuscles. This strain was tested, 6 months 
later, when in its 94th generation, with red blood corpuscles from the chicken, 
but none was ingested. The original strain (CL.) was fed to a chicken (p. 186) 
and recovered, from the caecum, in culture (CX. strain). In its 34th generation 
the CX. strain was given red blood corpuscles from a canary but none was 
ingested. In its 45th and 51st generations it was tested with red blood cor- 
puscles from a chicken, and in its 50th with human red blood corpuscles; but 
red blood corpuscles were not ingested. 

Although in the 35th generation the CL. strain of Histomonas refused to 
ingest red blood corpuscles, the strain was able later (45th-63rd generations) 
to infect chickens and to produce extensive caecal lesions in them. 
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VII. Discussion 


The accumulated evidence from the experiments of several workers (see 
above) has shown that blackhead can be produced experimentally under 
carefully controlled conditions, by oral or rectal inoculation with liver lesions, 
with cultures of Histomonas, or with caecal discharges. It has been shown 
(p. 184) that Histomonas in culture is unable to withstand temperatures of 
18-22° C. for 48 hr., or 5° C. for 24 hr. No resistant stage has been found in 
cultures nor described from caecal contents or droppings. If natural infection 
is produced only by the birds swallowing infected droppings, or food and 
water contaminated by these, ground contaminated by infected birds should 
soon lose its infectivity when the birds are removed. De Volt & Davis (1936) 
produced blackhead in 53 out of 84 incubator-reared poults by putting them 
upon contaminated soil. Two to three days had elapsed between placing the 
soil in the houses and allowing the poults access to it. Tyzzer (1934) produced 
blackhead in 6 out of 7 turkeys by scattering soil that had been exposed to 
freezing and thawing of winter weather without additional contamination for 
2 months preceding, in their cages and food. It is highly improbable that 
Histomonas in the conditions which it appears in culture could withstand such 
drastic treatment. Graybill & Smith (1920) believed that Heterakis might be 
an accessory agent in the production of blackhead. Tyzzer & Fabyan (1922) 
produced fatal blackhead in turkeys by feeding them with ripe Heterakis ova 
which had been treated with 1-5% nitric acid, a treatment which rendered 
them free from bacteria. Further, Tyzzer (1934) has figured Histomonas in 
the epithelium of the gut of an 11-day-old Heterakis gallinae. He has been 
unable, so far, to demonstrate Histomonas in the eggs of Heterakis. Niimi 
(1937) claims to have seen the ‘‘ causative organism” in the eggs of H. papillosa. 
He states that it measured 1-1-4, and is in the form of a mononuclear round 
cell. No worker has cultivated Histomonas from Heterakis eggs the outsides 
of which had been sterilized. If Histomonas remains viable for 2 months in 
eggs of Heterakis, in soil exposed to winter temperatures, as Tyzzer’s (1934) 
observations indicate, it is evident that there is some physiological adaptation 


13-2 








192 Histomonas meleagridis in Domestic Fowls 


to external conditions or to an intermediate host which is not demonstrated 
by the organism in culture. There is obviously still some factor in the method 
of transmission of blackhead which is not yet understood clearly. 

The Histomonas cultivated from the liver of the hen differed from the 
forms described by Tyzzer (1934) from turkeys or chickens in that it possessed 
only one flagellum to a nucleus whereas the latter forms possessed up to 
4 flagella to a single nucleus. In view of the similarity in other points of 
morphology and in pathological effects upon the host this difference does not 
appear to be of specific value. The general nuclear picture and disposition of 
the chromatin during division, bears a striking resemblance to Trichomonas 
as pointed out by Tyzzer (1919), but Histomonas is devoid of basal fibril, 
axostyle and undulating membrane. The morphological features in resting 
and dividing histomonads are constant in individuals cultivated from liver 
tissue, or caecal content, and in individuals examined directly in caecal content, 
and they have remained constant in cultures for over a year. 

The presence of binucleate and quadrinucleate forms in the cultures of 
Histomonas appears to be without any significance in the life history and they 
are comparable with such forms in cultures of other flagellates such as 
Embadomonas (Bishop, 19316) and Trichomonas (Bishop, 19312). 


VIII. Summary 


1. Histomonas meleagridis was isolated in culture from the liver lesions of 
a hen suffering from “‘blackhead”’ (enterohepatitis). It has been cultivated 
at 36-5-37° C. for over a year. 

2. Chicks, which had been reared free from protozoa, were inoculated 
per os or per anum, with cultures of the above strain of H. meleagridis. Eleven 
out of twelve birds became infected. Caecal lesions only were produced. This 
strain, although isolated from the liver lesions of a hen suffering from acute 
blackhead, showed no abnormal virulence in chicks. 

3. Individuals of this strain of H. meleagridis showed amoeboid movement 
but were also flagellate. Normally the protozoon was uninucleate, but 
binucleate forms were common, and tri- and quadrinucleate forms occurred 
more rarely. One flagellum arose from each nucleus. 

4. During division the flagellum disappears. The method of nuclear 
division was similar to that of Trichomonas. 

5. A resistant phase was never seen in the cultures. 


I should like to acknowledge, most gratefully, the advice on matters of 
fowl pathology, which Dr H. P. Bayon has given me. I am deeply indebted 
to him for the material on which this study was based. I am also grateful to 
Dr Parr Tate who helped with the inoculation of the chickens and who has 
kindly carried on the cultures for me on several occasions. 
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EXPLANATION OF PLATE VI 


All figures are drawn with an Abbe camera lucida under a ;, mm. fluorite oil-immersion 
lens (Leitz), with a x 20 periplanatic eyepiece, at an approximate magnification of 3300 diameters. 
All the figures are of Histomonas meleagridis grown in culture. 


Fig. 1. Nucleus preparing to divide. It contains discrete chromatin granules. The blepharoplast 
is dumb-bell shaped. 

Fig. 2. Amoeboid form with resting nucleus. Blepharoplast joined to nucleus by rhizoplasts. 

Fig. 3. Rounded form with resting nucleus and axostyle-like fibril. 

Fig. 4. Elongated amoeboid form with resting nucleus and granular cytoplasm. 

Fig. 5. Daughter blepharoplasts joined by centrodesmose. Chromatin aggregated in large 
granules. 

Fig. 6. Chromatin granules appear to be dividing. 

Fig. 7. The daughter blepharoplasts are moving apart. The ch-omatin granules have divided 
and are moving towards the poles. 

Fig. 8. Late anaphase. 

Fig. 9. Late anaphase. 

Fig. 10. The chromatin granules are condensing towards the daughter blepharoplasts. The body 
is being constricted. 

Fig. 11. The daughter nuclei have resumed the resting condition. The centrodesmose still persists. 

Fig. 12. Late anaphase showing the daughter chromatin granules well separated. 

Fig. 13. Two daughter organisms connected by the centrodesmose. 

Fig. 14. Same as fig. 13 but the flagellum persists. 

Fig. 15. Binucleate H. meleagridis. 

Fig. 16. The two nuclei of a binucleate form dividing simultaneously. 

Fig. 17. Same as fig. 16. Late anaphase. 

Fig. 18. The division of the body of a binucleate form in which the two nuclei have divided 
simultaneously. 

Fig. 19. Trinucleate H. meleagridis, 

. 20. Quadrinucleate H. meleagridis. 
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I. PREFACE 


Tuts paper fulfils a promise made in the last instalment of these Researches, 
and presents the results of my attempts—continued with many interruptions 
during the last 13 years—to discover the unknown stages in the life-history 
of Entamoeba colt. 

In 1919, when I published my monograph on The Amoebae living in Man, 
I could record nothing of importance--for any species—about the stages of 
development intervening between the fully-formed cyst (the infective stage) 
and the adult amoeba (found in every infection). How one turned into the 
other was completely unknown. But the discovery of methods of cultivation 
soon afterwards showed that it was possible to fill up these gaps in the life- 
histories, and in 1928 I was able to describe the complete development in vitro 
of E. histolytica. When I had mastered the main difficulties of cultivating and 
studying this species, I imagined that it would be comparatively easy to 
adapt my technique to the requirements of all the other entozoic amoebae: 


1 See Dobell (1936). For earlier instalments the reader is referred to my publications of 1928, 
1929, 1931, 1933, 1934, 1935. 
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but I soon found it was not. As I now know, from bitter experience, each 
species presents its own peculiar problems, and knowledge derived from one is 
not necessarily helpful for studying others. It may even, indeed, be mis- 
leading. 

Consequently, though I succeeded in cultivating EZ. coli in 1925, and was 
then able to obtain its complete development in cultures, it has taken me nearly 
another dozen years to work out the details to my own satisfaction. This must 
be my excuse for the delay in publishing my findings. In 1928 I could have 
written a plausible account of the whole life-history of HZ. coli based upon the 
material which I had then collected—fitting it into the general scheme suggested 
by £. histolytica. But it would have been almost entirely erroneous. The 
analogies were obvious, but—like all analogies—proved to be false on further 
analysis. 

Nevertheless, my early failures acted as a stimulus; for I had already 
learned (long before I read it) to obey the ““Old Law” of Kipling—* As soon 
as you find you can do anything, do something you can’t.” Yet it was not 
until the year 1933 that I succeeded in ascertaining the essential facts about 
the development of £. coli: and unfortunately the strain of this amoeba 
which supplied me with the data for correct interpretation was derived not 
from a man but from a marmoset. It is true I had already made, at that date, 
many confirmatory observations on strains from other monkeys (and from 
human beings); but I could not prove that all of these really belonged to the 
type species. So I was forced to begin again, and isolate and study new strains 
from Man in order to find out whether or no all were specifically identical. 
When I had completed the necessary animal-experiments and cultural studies 
I published some of the main results (1936). 

As a result of all my work in this connexion I am now convinced that the 
amoebae resembling £. coli which live naturally in macaques and marmosets 
belong in fact to this very species. The forms living in these hosts are, I believe, 
specifically indistinguishable from the well-known amoeba living in Man, 
and I therefore have no hesitation now in calling them all by the same name— 
Entamoeba coli.1 Consequently, observations made on any one are valid— 
mutatis mutandis—for any other. Some further evidence in support of these 
conclusions will be adduced in the following pages. 

As stated in the title, the present paper deals especially with the metacystic 
stages of EF. coli: and as these have never been described previously there is 
nothing to say here about our present knowledge of the subject. Such few 
statements as have been made elsewhere—and they are mostly speculative 
and fallacious—will be briefly considered in the final discussion, after I have 
recorded my own data; for, without these, the reader cannot assess them at 
their true value. 

I am well aware that I have not succeeded in discovering every detail in 
the life-cycle of H. coli—at present that is impossible—but I have, I hope, 


1 Justification for the generic name will be found at the end (p. 230). 




















CLIFFORD DOBELL 197 


ascertained its main features and elucidated many points which were formerly 
obscure. If I have not done more, it has not been for want of interest, patience, 
or perseverance, but because the inquiry itself is one of extreme difficulty, 
and demands more time, opportunity, and skill than I am now ever likely to 
possess. How much expertness and experience it really requires will be evident 
to anyone acquainted with the history of the subject. I need only recall 
Schaudinn’s once celebrated contribution (1903) to our knowledge of £. colt, 
which was almost universally accepted when I began my own childish studies 
of amoebae 32 years ago. He was a protozoologist certainly neither in- 
experienced nor lacking in technical ability, yet almost everything he recorded 
about the development of this species has turned out to be radically wrong. 
There is no short cut to knowledge of the Protozoa—even for a man of genius. 
The goal can only be attained by accurate observation, carefully controlled 
experiment, and unremitting work. For such studies “genius” is, perhaps, 
even a disqualification. 

““Many things nasty a-doing look nice when done.”’ Not in arrogance or 
pride, but because they seem apposite, I have set these words of an ancient 
poet at the head of this memoir—a poet once esteemed but now “out of date”’. 
But though Ovid, like my slow and laborious methods of research, seems no 
longer in the fashion, his verse conveys something true to me: and it also 
expresses something of the momentary satisfaction which I now feel in recording 
the results of a tediously protracted piece of work—albeit my satisfaction is 
tempered by still vivid remembrance of the almost intolerable drudgery and 
disappointments often entailed in its performance. 


II. MatTerRIAL AND METHODS 


The strains of EZ. coli used in the present investigations have already been 
briefly described, together with their origins and my methods of cultivation.’ 
Moreover, the methods employed for studying the metacystic development 
in vitro were, in general, the same as those which I previously used for 
E. histolytica, and have therefore also been recorded.? Further details will be 
found in these earlier publications, so I need add only the following notes here. 

All the strains of EZ. coli here described were pure (i.e. unmixed with any 
other species), but accompanied by various bacteria; and every precaution 
was taken to keep the bacterial flora in every strain constant throughout. 
No strain was used for the present study until I was satisfied of its purity, 
and it was developing regularly in vitro—encysting and excysting freely and 
normally, and living in stable equilibrium with its concomitant flora. Particular 
attention has been paid to Strain MC., derived from a marmoset (Hapale 
jacchus), and to two of its derivatives—Strain MSC., isolated from a Macacus 
stnicus after experimental infection with MC.; and MSD., isolated from a man 
experimentally infected with MSC. Other simian strains used were derived 
from M. sinicus and M. rhesus. Of these, the most important were Strain RC., 


1 See Dobell (1936). 2 Dobell (1928). 
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from M. rhesus, and DC. from a man experimentally infected with RC. All 
these strains, so far as they have been investigated, develop in essentially the 
same way in cultures. For comparison with them I have also studied in detail 
a number of strains derived directly from Man. The chief of these is Strain UC., 
upon which I have repeated and confirmed most of the observations made on 
MC. 

In order to obtain the metacystic stages in vitro—unmixed with other 
stages of the life-cycle—it is necessary to make certain that cultures made 
from cysts are inoculated with cysts only. I therefore determined the times of 
survival of free amoebae and cysts of E. coli, at various temperatures, by a long 
series of experiments (similar to those previously recorded with EF. histolytica! 
and E. nana?), and found that the amoebae cannot live for more than 1-3 days 
at 2-10°C. Cysts, on the other hand, can live for 3 or 4 months at such 
temperatures,? though they begin to die after a few weeks. The best results 
are obtainable with cysts more than 3 days (to insure absence of amoebae) 
but less than 20 days old. I generally made my cultures, for the studies here 
described, from cysts which had been kept for about a week at 10° C. 

E. coli amoebae are extremely sensitive to changes of temperature and pH, 
and develop normally at 37-38° C. only. I have therefore made all my critical 
observations at this temperature—cultures being incubated and observed, 
and specimens for cytological study fixed, in the hot-room at the National 
Institute. This method involves the least hardship for the amoebae but is 
very trying to the observer: nevertheless, it gives the most satisfactory results, 
and I have therefore adopted it throughout. It is impossible to obtain first-rate 
preparations, or make the most accurate observations, by the mere use of 
a warm stage (in a cold laboratory); while transference of amoebae from a warm 
incubator to a cold slide (or coverglass, in making fixed films) often leads to 
disaster. 

For cytological study of the metacystic stages I have used the same 
methods as for E. histolytica. Most of my material was fixed with Schaudinn’s 
sublimate-alcohol to which 5 per cent of glacial acetic acid was added, or with 
Bouin’s fluid (original aqueous formula). Besides the usual iron-haematoxylin 
stains, and iron-chlorocarmine, I have latterly also employed extensively 
Mallory’s phosphotungstic-acid haematoxylin. This is not only an excellent 
stain for cysts and amoebae of all sizes, but owing to its high concentration 
of phosphotungstic acid it also has valuable hardening properties, and thus 
enables one to dispense with the prolonged hardening in alcohol necessary 
before films are stained with other watery haematoxylin solutions. I have also 
found recently that chlorazol black® is a very useful stain for certain stages, 


1 See Dobell (1927, 1928). 2 See Dobell (1933). 3 See Dobell (1936). 

* Cf. Dobell (1928), p. 373. All the points there noted for Z. histolytica are of equal importance 
for the study of £. coli. 

5 See Cannon (1937). Prof. Cannon kindly called my attention to this stain, and gave me 
a small supply of it, in 1936. 
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B as it colours nuclei and chromatoids black, cyst-walls greenish, and the glycogen 
F in cysts red. 

I would note here that it is extremely difficult to obtain perfectly fixed and 
stained permanent preparations of all the cystic and metacystic stages of 
E. coli. The cysts are not readily penetrated by many fixatives and stains, 
and they are apt to burst and shrink when drastic methods of fixation are 
used—producing all manner of misleading artifacts.1 But I need say no more 
about the difficulties of this investigation, and it is unnecessary to describe 
my own failures and mistakes. Everyone who attempts conscientiously to 
repeat my experiments and observations will soon learn that the study of 
E. coli is no work for an inexperienced craftsman: indeed, I would emphasize 
here once more that it demands all the skill and cunning of the most expert 
protozoologist for its perfect completion in every detail, and I have therefore 
been able to make only an imperfect beginning with-the limited resources at 
my command. 

I have—as always—attached special importance to observations made upon 
the living organism; but these are insufficient for complete understanding. It is 
obviously essential to study also good fixed and stained specimens at all stages. 
I have therefore spent much time attempting to secure these, and have now 
succeeded in obtaining fairly complete series of the most important develop- 
mental forms of several strains. As my series is most complete for Strain MC. 
(E. coli jacchi), I shall describe this strain particularly; and I have drawn all 
my illustrations from typical specimens of this strain alone—at a uniform 
and exact magnification throughout, and as accurately as possible—in order 
to make my account as consistent and clear as I can. Nevertheless, I must 
emphasize the fact here that all my observations and descriptions are equally 
applicable—with the exception of minor details, which will be duly noted— 
to Strain UC. (E. coli hominis) and all the other (human and simian) strains 
‘ of the species, so far as I have been able to study them, which I have hitherto 
investigated. Both the strains mentioned (MC. and UC.) are still in my 
possession and growing excellently at the time of writing (December, 1937), 
after continuous cultivation in vitro for some 5 years and 2 years respectively. 
I will gladly supply living culture-cysts of either—for propagation and further 
investigation—to any other worker who wishes to examine my material or 
check my experiments and observations.” 


CLIFFORD DOBELL 


III. Tue Lire-H1story oF ENTAMOEBA COLI 


In its general outline the life-history of #. coli is similar to that of E. 
histolytica.? Both species live in the large intestines of their hosts as actively 





1 As evidence of this, I may remind the reader of the unhappy story of “Councilmania”’. 

2 The specimens figured in my plates I can only demonstrate to other workers able and 
willing to visit my laboratory: for they are contained in slides forming part of my permanent 
collection and can only be found in them by the vernier readings recorded for my own microscope. 

’ For further information, and a summary statement of existing knowledge at the dates of 
publication, the reader may be referred to my previous memoirs printed in 1919 and 1928. 
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motile amoebae, which multiply by simple binary fission. The amoebae ulti- 
mately form resistant cysts, and escape in the encysted state with the faeces. 
When the cysts are ingested by a fresh host, they hatch and develop into 
amoebae once more—thus establishing a new infection. It will be convenient 
to consider the various stages in this life-cycle in rather more detail before 
describing and discussing the hitherto undescribed parts with which the present 
paper is particularly concerned. 


(1) General 


The entire life-cycle of E. coli, as just noted, is passed inside and outside 
the body of its host, and in two chief forms—amoebae and cysts. But all the 
free and active amoeboid stages, and all the resistant, resting, and encysted 
forms, are not equivalent: they differ in various ways, and must therefore 
be distinguished. In the following pages I shall continue to use the terms which 
I have found most convenient, and therefore adopted previously; so I will 
note them here once more, in order to avoid any ambiguity. 

The active uninucleate amoebae which live and multiply in the bowel of 
their host, and feed upon its contents, I call trophic amoebae. These are the 
“ordinary” forms of the unencysted organism. Amoebae about to encyst— 
which differ in various ways from trophic individuals—I call precystic amoebae. 
They are somewhat smaller than the trophic forms, and characterized by 
containing no ingested food-bodies but sometimes reserve materials which are 
stored as a food-supply in the resting cysts. The cysts, which are the resistant 
and infective stages adapted to a life outside the body, are too well known to 
need redescription here. When mature they contain, of course, the 8 nuclei 
typical of the species. The process of cyst-formation—whereby a precystic 
amoeba is transformed into a cyst—lI call encystation :? and when a cyst hatches 
and liberates its living contents I call the process excystation. All stages 
between excystation and the formation of a new generation of trophic amoebae 
I call metacystic. 

Although the various stages just noted and named occur naturally in two 
different situations—inside and outside the body of the host—they can all 
be obtained and studied in cultures under appropriate conditions which 
imitate those found in nature, as I have shown elsewhere.* 

It is with the previously unknown metacystic stages, as seen in cultures, 
that the following account chiefly deals, though I have also studied all the 


1 These forms are often called “ vegetative’ —a term which seems to me objectionable (Dobell, 
1928; p. 376). There is also an increasing tendency—especially in America—to call them “‘tropho- 
zoites”’. This is a word borrowed from the Sporozoa, and in my opinion it should not be applied 
to amoebae (or any other rhizopods): it would be equally justifiable to call the metacystic forms 
“sporozoites”. In a recent paper Sanders and Cleveland (1930) even apply the term “trophozoite”’ 
to the metacystic amoeba which hatches from a cyst, but for this extension there can surely be no 
justification. 

? Not “encystment’’, which I define as the state of being encysted. 

* Dobell and Laidlaw (1926), Dobell (1936). 
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stages enumerated—the trophic amoebae and their multiplication, the forma- 
tion of precystic amoebae and the development of cysts from them, and all 
stages in the development of the cysts themselves. As these have already been 
adequately described (from faecal material), I shall not redescribe them here 
in detail! The following points—relating to the non-metacystic part of the 
life-history—-must, ‘however, be briefly noted, as they are important for the 
comprehension of what follows. 

The trophic amoebae of E. coli are morphologically identical in cultures 
and in the bowel: but their appearance varies greatly with their food. In 
culture-medium (e.g. ““Ehs”) containing no starch, but only bacteria as 
particulate food-matter, their endoplasm is densely packed with food-vacuoles 
containing these organisms only: and, as a consequence, the clear ectoplasm 
is sharply demarcated—the distinction between ectoplasm and endoplasm 
being as clear-cut as in EF. histolytica (contrary to the usual descriptions in 
text-books). If red blood-corpuscles are added to the medium, they are readily 
ingested by some strains?—thus accentuating the resemblance between the 
two species. Moreover, trophic amoebae which have ingested starch-grains 
are frequently indistinguishable when alive and uninjured from similar 
individuals of E. histolytica. In both species the endoplasm is charged with 
glycogen, and has a glassy appearance; while the ectoplasm looks the same 
in actively moving specimens,® and affords no certain criterion for specific 
identification. 

The nucleus is the most characteristic feature of E. coli and serves to dis- 
tinguish the species with certainty from corresponding stages of FE. histolytica. 
In the former it is typically somewhat coarser, often slightly oval, with a large 
eccentric karyosome and thickly beaded layer of peripheral chromatin inside 
the nuclear membrane (in contrast with the more delicate spherical nucleus of 
E. histolytica, with its smaller central karyosome and finer peripheral chromatin 
beads). Chromatin grains, of variable size and number, are also typically 
present, in E. coli, in the zone between the karyosome and the membrane: 
in E. histolytica they are absent. These nuclear characters are constant and 
distinctive, but only in normal amoebae which have been well fixed and 
stained. In cultures—especially those which are old, or growing badly— 
abnormal forms are frequently found which do not display the characteristic 
features, and all manner of anomalous and degenerate nuclei may be met with 
in both species. 

The nuclear division of EZ. coli is closely similar, in general, to that of 
E. histolytica. It is effected by a peculiar method of mitosis, and has not yet 


1 Cf. Dobell (1919). I would add here that in my monograph I failed to note that the cysts of 
E. coli were figured by Grassi in 1892 (vide Grassi & Feletti, fig. 17 (Plate), where 20 small drawings 
are reproduced). 

2 Cf. Dobell (1936); also fig. 60 (Pl. IX) of the present memoir. 

3 At 37° C., and under otherwise normal conditions, Z. coli is no less active than L. histolytica; 
but the amoebae round up and become motionless much more rapidly on cooling, and this has 
given rise to the belief that they are naturally more sluggish. 
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been adequately described.1 Multiplication of the trophic amoebae occurs in 
cultures—as in the bowel—by equal. binary fission only. “Schizogony”, or 
multiple fission of any sort, does not occur in normal development. 

The cysts of EZ. coli are smooth, colourless, more or less spherical, with 
thicker walls than those of EF. histolytica. They are at first uninucleate, but the 
originally single nucleus undergoes 3 successive mitotic divisions into equal 
daughter nuclei—decreasing in size at each bipartition—so that the mature 
cyst ultimately contains 8 small equal-sized nuclei (each with the characteristic 
structure). Glycogen is always present in the cyst, and is most abundant 
at the binucleate stage, when it usually appears as a large solid mass lying in 
a vacuole. In this and other characters culture-cysts differ in no material 
particular from those formed normally in the intestine. 

After these brief introductory notes, I shall now describe the further 
development in vitro of the cysts of Z. coli—from hatching to the stage when 
trophic amoebae are formed and multiply anew. 


(2) Excystation and Metacystic Development 


The ensuing descriptions of EZ. coli will be easier to understand if the 
reader—whom I assume to be familiar with the corresponding stages in 
E. histolytica*—will bear in mind the following points:: 

(1) A single amoeba usually emerges from each cyst at hatching (as in 
E. histolytica). 

(2) Each such amoeba (unlike EF. histolytica) subsequently divides, by 
successive cytoplasmic bipartitions, into as many uninucleate amoebulae as 
there were nuclei originally in the amoeba itself (e.g. an 8-nucleate amoeba 
gives rise finally to 8 uninucleate amoebulae). And accordingly 

(3) During the metacystic development no nuclear divisions take place. 

Development is more complicated, however, than this simple outline might 
appear to indicate. The complications arise from two main sources: (i) because 
originally 8-nucleate cysts frequently undergo a reduction in the number of 
their nuclei before hatching; and (ii) because the cytoplasmic fissions may 
begin even before or at the moment of hatching. Nevertheless, in principle 
the metacystic development of £. coli is regular and uniform, though it takes 
place along lines radically different from those followed in the corresponding 
stages of E. histolytica. 


(i) Eaxcystation 

The mature cysts of H. coli are already so well known that any further 
description would be superfluous. Different strains, however, may display 
slight morphological differences; so I must note at the start the chief charac- 


1 A brief description will be given in the following pages, after the account of the metacystic 
stages. (See p. 220 infra.) I hope to be able to describe the nuclear divisions of EZ. coli and 
E. histolytica in greater detail later. 

2 Cf. Dobell (1928). 


























CLIFFORD DOBELL 203 


teristics of the cysts of Strain MC., on which the following description is 
largely based. 

Strain MC. forms, both in vitro and in its living hosts, typical cysts of 
large size. Measurements of sufficient individuals from various cultures show 
their average diameter to be about 21-54 (when alive), with a range from 
ca. 164 to ca. 26u (excluding supernucleate specimens). Cysts formed in 
cultures are almost invariably spherical—oval or irregular ones being very 
rare, in contrast with those formed in the intestine. In cultures, also, in which 
abundant starch is available to the encysting amoebae, the cysts are more 
richly provided with glycogen—ripe 8-nucleates often staining quite a dark 
brown with iodine solution. The glycogen is uniformly distributed through the 
cytoplasm, and not contained—in the mature stage—within a vacuole. 

The 8 nuclei are approximately equal in size, but vary somewhat with 
the dimensions of the cysts themselves. They are usually spherical or very 
slightly oval, with diameters of about 2-5 to 3-5u and the structure charac- 
teristic of the species. 

Chromatoid bodies are always present, but vary greatly in number and 
form from cyst to cyst. They are usually granular, globular, or rod-shaped, 
and seldom acicular, filamentar, or massive. They are shown, in their typical 
forms, in fig. 1 (Pl. VII), which also shows the other chief features of the ripe 
cyst—as just described—when well fixed and stained. 

Ripe living cysts of E. coli, when incubated at 37° C. in suitable medium, 
do not usually hatch for at least 3} hours. During this time, however, they 
undergo internal changes. Their protoplasm gradually becomes extremely 
clear and uniform, while their chromatoid bodies, and any glycogen which 
may be present, disappear completely. The nuclei then stand out—with proper 
illumination—almost as sharply as in a stained preparation. In stained pre- 
parations the same features are more easily studied, however; and it can be 
seen that, in the stages immediately preceding hatching, the nuclei actually 
stain more delicately and appear less rich in chromatin. (Cf. figs. 1, 2, 
3, Pl. VIL.) 

When this stage is reached, streaming movements become visible in the 
protoplasm, and the nuclei can be seen to alter their relative positions. At 
about the same time a space appears between the protoplasm and the cyst 
wall. The streaming movements gradually become stronger, and the space 
increases, until the entire protoplasmic contents lie freely suspended within 
the cyst as a single large amoeba. Its body soon shows distinct differentiation 
into ectoplasm and endoplasm, and a few large blunt pseudopodia appear on 
its surface (fig. 3). The amoeba now begins to move about actively inside its 
rigid cyst, and to press its pseudopodia against the wall. A large pseudopod 
can often be seen to pass rapidly round the periphery—apparently stroking 
the internal surface of the cyst. Usually a few minute granules are visible 
floating in the liquid surrounding the amoeba. They are left behind in the 
empty cyst at hatching, and are probably excretory—as in EL. histolytica. 
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Up to this stage the development is, indeed, very like that of EF. histo- 
lytica: I have observed no constant difference of behaviour in the two 
species. 

The hatching cyst may remain at this stage for a considerable time (an 
hour or more). Sooner or later, however, and usually in about half an hour, 
it can be seen that the movements are not aimless, as they first appear, but 
directed towards a particular area of the cyst wall. The pseudopodia pass 
over this time after time—continually stroking and pressing against it. This 
area is large, often a quarter to half the circumference of the wall (in optical 
section); and with the continual stroking movements of the pseudopodia it 
ceases to be rigid and becomes thin and flabby (cf. fig. 4). The thinning of the 
wall is probably not brought about by purely mechanical means, but is assisted 
by a ferment which dissolves the membrane. Finally, the wall gives way, and 
ruptures completely. A large irregular opening, with an attenuated and 
collapsed rim, is thus made in the cyst wall; and through this the amoeba 
rapidly emerges. It flows out usually in a single movement, and immediately 
creeps away (figs. 5, 6). At once it begins to feed—bacteria and starch-grains 
being ingested often at the very moment of hatching. (Fig. 7 shows a recently 
hatched 8-nucleate amoeba.) 

Careful examination of hatching cysts reveals that the cyst wall is double. 
This is often clearly visible in living specimens, but difficult to make out in 
fixed and stained material. The wall is composed of an inner layer (endocyst), 
which is comparatively thick and rigid, and resembles chitin in its composition ; 
and a thinner outer layer (ectocyst) which is elastic. At the moment of 
hatching the two layers are often easily observable (cf. figs. 5, 13), as the cyst 
wall then appears split for a variable extent.! Moreover, it can often be seen, 
in earlier stages, that the endocyst is pierced before the ectocyst; for a portion 
of the protoplasm may sometimes be seen lying between them, as in the 
specimen shown in fig. 12. Indeed, the hatching amoeba, in its efforts to 
escape, sometimes emerges almost completely from the perforated inner 
investment without bursting the outer: and as this is elastic, the amoeba then 
works its way between the two layers—stripping them apart and producing 
appearances which at first sight are very puzzling (especially in permanent 
stained preparations, where the layers are usually not easily distinguishable). 
The size of the opening through which the amoeba escapes may be relatively 
small (cf. fig. 15) or very large (fig. 6) or of any intermediate dimensions 
(figs. 5, 9, 11, 13). Abandoned empty cysts therefore display corresponding 
appearances. Sometimes they appear as almost perfect spheres, with a small 
jagged breach at one pole; sometimes they are little more than hemispheres. 
After the emergence of their contents the empty cysts are invaded by bacteria, 
and soon break up and disappear. 

During excystation the nuclei are extremely difficult to study—and even 


1 I have not succeeded in demonstrating the two layers in ordinary resting cysts. In these, 
both in whole specimens and in sections, the wall appears to consist of a single thick coat, which 
stains uniformly with chlorazol black. 
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to distinguish—in the living organism. They not only flow about confusedly 
and confusingly in the streaming protoplasm, but they also often become 
irregular in shape and size. In stained preparations, moreover, they usually 
appear poor in chromatin and therefore feebly coloured. After hatching, 
however, they recover their spherical shape and staining reactions, though they 
often continue to show irregularities in size subsequently. But at all stages 
the nuclei remain separate and discrete: they never agglomerate or adhere after 
hatching as they do in E. histolytica. 

It will be evident, from the foregoing description, that EZ. colt emerges from 
its cyst in a very different manner from £. histolytica. The exit of the amoeba 
through a minute pore in the wall, and the repeated flowing in and out pre- 
paratory to complete escape—both so characteristic of the latter species‘'— 
are not normally seen in £. coli. The difference in behaviour is obviously 
correlated with the difference in constitution of the wall itself. As the endocyst 
of £. coli is rigid and resistant, it enables the contained organism to push its 
way out as soon as a large enough opening has been made. The breach is 
sufficiently large for the pressure inside to be equalized almost immediately 
with that of the outside medium, so that the amoeba has no resistance to 
overcome in effecting its exit. But that there is originally a slight negative 
pressure in the cyst, before perforation, is clearly seen when the walls rupture; 
for at this moment bacteria, starch-grains, and other particles usually enter 
the cyst with a sudden rush—before the amoeba escapes—and are often in- 
gested before excystation is complete (cf. fig. 15). 

The foregoing account is based chiefly upon numerous observations made 
on Strain MC., but is applicable also to all other strains which I have studied. 
It should be noted, however, that in Strain UC. (from Man), whose cysts are 
smaller (average diameter about 16), the double cyst wall is usually less 
easily observable; and in this strain also the opening made in it by the escaping 
amoeba is frequently smaller. But the dimensions vary in both species, and the 
differences noted are not constant. 

As already recorded, hatching may begin in a culture after about 3-4 hours’ 
incubation. Cysts then continue to hatch at all times up to about the 10th 
hour, and occasionally even later. I have sometimes found belated individuals 
emerging as late as the 16th to 18th hour, but this is exceptional. As a rule, 
most cysts hatch between the 4th and the 8th hour, but there is considerable 
variation from culture to culture—even when they are incubated and studied 
under conditions as closely alike as possible. In general, the times observed 
correspond with those recorded? for E. histolytica; but in E. coli they are more 
irregular, and therefore less easy to predict for a given culture. They seldom 
go by the clock.’ 

1 Cf. Dobell (1928), p. 386. 2 Dobell (1928). 

3 This is possibly due to the imperfection of my technique. I have a feeling—but little real 
evidence—that I can supply EZ. histolytica with conditions more nearly approaching those which 
it is accustomed to in nature than I can £. coli. If I may so express it, the conditions of experiment 


seem more comfortable for the former than for the latter; and this may explain some discrepancies 
in my observations. 


Parasitology xxx 14 
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(ii) Infranucleate cysts 


Figs. 1-7 (Plate VII), to which reference has already been made, show suc- 
cessive stages in the liberation of an 8-nucleate metacystic amoeba from an 
8-nucleate cyst. Such stages are frequently found in cultures, and may be 
regarded as “typical”. But they are not the most usual. In every culture, 
during the early hours of incubation, if the newly hatched amoebae are care- 
fully studied in good stained preparations they are found to contain usually 
not 8 nuclei apiece—as would be expected—but 5, 6, 7, or occasionally only 
4 nuclei. This observation puzzled me greatly when I first made it. 

The reader can best appreciate the difficulties of interpretation, perhaps, 
if I give a concrete instance. A batch of normal and typical 8-nucleate cysts, 
incubated for 4 to 5 hours, and seen to hatch normally when alive, was after- 
wards studied in well stained permanent preparations fixed during this 
period. Out of 150 newly hatched amoebae found, only 17 (11-3 per cent) 
contained the expected 8 nuclei. About 3-3 per cent contained 7 nuclei apiece; 
21-3 per cent contained 6 nuclei; no less than 26 per cent contained 5 nuclei, 
and the same percentage 4. At first I imagined that the reduction in the 
numbers of nuclei might be accounted for by divisions (which were not seen) 
having occurred immediately after hatching. Thus, it might be supposed that 
some 8-nucleate amoebae had divided into individuals containing 7 and 1 
respectively, or 6 and 2, or 5 and 3, or 4 and 4. But the counts showed that 
this was impossible: for while over 21 per cent of the amoebae contained 6 
nuclei, only 1-3 per cent of 2-nucleates were discoverable in the same material 
on most careful search; and so on with the other forms. The unexpected 
nuclear conditions clearly could not be explained in this way. 

The explanation of this curious phenomenon was found when I subjected 
the hatching stages, and those immediately preceding them, to closer scrutiny. 
I then discovered that in many cysts—indeed, in the majority—some of the 
nuclei degenerate and disappear before excystation: and consequently their 
amoebae, at the moment of hatching, contain not 8 nuclei but 7, 6, 5, or even 
only 4. These are illustrated, from typical specimens, in figs. 9, 11, 13, and 15 
respectively (Pl. VII). 

I shall call these cysts and excysting amoebae with a diminished number 
of nuclei infranucleate,! to distinguish them from “typical” forms with a full 
complement of 8 nuclei. They are found frequently in every culture in which 
hatching is taking place, and are formed in the following way: 


1 T have already used the term “supernucleate”’ to designate cysts which contain more than 
the normal number of nuclei (cf. Dobell, 1919), and it is a useful one which I shall continue to use. 
The correlative term “‘subnucleate’’ appears appropriate to normal cysts (containing 1, 2, or 4 
nuclei) which have not reached their full development: and I therefore now employ the new word 
“infranucleate” in the sense explained above. A subnucleate cyst of E. coli, containing 4 nuclei, 
is one which has not completed its development; while an infranucleate one, containing the same 
number of nuclei, is one in which half of the 8 nuclei of a mature cyst have degenerated and 
disappeared. 
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During the early stages of incubation, the 8-nucleate cyst remains at first 
unchanged. It then—as already noted—uses up its chromatoid bodies, and 
the protoplasm becomes freely suspended and amoeboid. While these changes 
are taking place, one or more of the 8 nuclei may undergo degeneration. Such 
nuclei gradually become smaller, their chromatin breaks up, they stain less 
deeply, and become inclosed in vacuoles, where they lose their structure and 
become homogeneous globules. They then get smaller and smaller, and ulti- 
mately vanish completely—being apparently digested like any food-body. 
All stages in the process can be clearly seen in good stained preparations. 
Fig. 8 (Pl. VII) shows an amoeba, loose in its cyst and preparing to emerge, with 
1 nucleus degenerating. (A hatching 7-nucleate, which would thus result, is 
shown in fig. 9.) A similar stage, in which 2 nuclei are in a later stage of 
degeneration, is shown in fig. 10. (Fig. 11 shows the resultant 6-nucleate 
amoeba emerging from its cyst, the remains of the 2 degenerated nuclei being 
still visible in vacuoles at the hinder end.) Fig. 12 shows a hatching cyst, 
at an early stage, with 3 nuclei in successive phases of degeneration. (The 
hatching of the resultant 5-nucleate amoeba is seen in fig. 13.) In fig. 14, 
3 nuclei have disappeared completely, and a fourth is degenerating. The 
4-nucleate amoeba which is so formed is seen leaving its cyst in fig. 15. (In 
this specimen, which has ingested bacteria and a starch-grain at the moment 
of hatching, no degenerate nuclei are visible. Four nuclei have already vanished 
without trace.) Newly hatched infranucleate amoebae containing 7, 5, and 4 
nuclei apiece are shown respectively in figs. 22, 23 (Pl. VII), and 26 (PI. VIII). 

Infranucleate cysts (and amoebae) are easily distinguishable from immature 
(subnucleate) cysts, containing the same number of nuclei, by the size of their 
nuclei. For example, the infranucleate hatching cyst shown in fig. 13 shows 
an escaping amoeba with 5 nuclei of the same size as those present in a normal 
8-nucleate cyst: they are too small, proportionately, for a subnucleate (un- 
developed or developing) cyst which has not yet reached the 8-nucleate stage. 
And moreover 5-nucleate individuals, though common among infranucleates, 
are excessively rare in the subnucleate condition. Subnucleate cysts never 
hatch. 

So far as I have been able to determine, not more than 4 nuclei ever 
degenerate without fatal results. Infranucleate amoebae containing only 3 
(5 having degenerated) have several times been encountered in my preparations 
at the stage when they are loose in their cysts, but I have never found them 
actually hatching. I believe they are not viable, though I cannot exclude the 
possibility absolutely. The 8-nucleate cyst appears to be able to dispense with 
half of its nuclei but no more. Four nuclei appear to be the irreducible 
minimum. 

When I first observed the formation and development of infranucleate 
cysts I imagined that they must be abnormal; for the phenomena are unlike 
anything previously described in any protozoon, and totally different from 


1 This is also true of E. histolytica. Cf. p. 225 infra. 
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what I have repeatedly and regularly seen in E. histolytica. Continued study 
during the last 5 years has convinced me, however, that the process is normal. 
Every strain of F. coli which I have studied shows the same peculiarity— 
the only difference being in the number of nuclei present, on the average, in 
the infranucleate individuals at excystation. In Strain MC., and all its 
derivatives (MSC., MSD., etc.), 5-nucleate amoebae occur in cultures with 
greatest frequency; while in Strain UC., and its derivatives (and other human 
strains studied), 6-nucleate amoebae are usually more common. In all strains 
2 or 3 nuclei frequently degenerate, 1 or 4 more rarely. But 7-nucleate, 
6-nucleate, 5-nucleate, and 4-nucleate metacystic amoebae are found at 
hatching in all strains regularly, and they all develop regularly afterwards 
in vitro and give rise to cultures which produce—under suitable conditions— 
typical 8-nucleate cysts once more. 

Although I have called the disappearance of nuclei in infranucleate cysts 
“degeneration ”’, it is something quite different from the process of degeneration 
commonly seen in cysts which are dying or dead. In these, the nuclei break 
up into irregular masses and finally disintegrate completely. In infranucleate 
cysts, on the other hand, they undergo an orderly process of shrinkage and 
digestion within a vacuole—being ultimately absorbed or assimilated much 
like chromatoids. Indeed, they appear to have the same function, and to be 
used up as reserve material by the hatching amoeba. The process might aptly 
be termed “karyophagy” rather than degeneration, as it is connected with 
metabolism—not death of the organism. In this context it is noteworthy also 
that cysts never become infranucleate before incubation: no nuclei are absorbed, 
in normal 8-nucleate cysts, however long they are kept at low temperatures 
after their original formation. Moreover, it appears probable that the older 
the cysts are—before incubation—the higher is the proportion of infranucleates 
among those which ultimately develop.! At all events, when cysts have been 
kept for many weeks before incubation, I have always found that the majority 
hatch—if they are not all dead, and hatching occurs at all—in an infranucleate 
condition. I have never found metacystic amoebae containing the full comple- 
ment of 8 nuclei in cultures, made from very old cysts. Such “typical” forms 
are characteristic of young (recently matured) cysts, and are seldom seen in 
cultures made from those more than about a fortnight old. 


(iii) Division before and at hatching 


It has already been noted (p. 202) that the first metacystic division may 
occur before hatching, or at the moment of hatching. These processes must 
now be described. 


1 This is very difficult to demonstrate conclusively, as the longer cysts are kept, the smaller 
is the proportion which can hatch and develop. As I have already shown, excellent cultures— 
propagable ad libitum—can be obtained from cysts kept at 2° C. for 3 or 4 months: but after this 
time most cysts fail to hatch on incubation, and the amoebae obtainable in very early cultures 
are too few for any statistical study of them to be feasible. 
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Before I discovered these divisions—which occur in a variable but always 
very small proportion of hatching cysts'\—I was much perplexed at finding 
occasional 1-nucleate, 2-nucleate, or 3-nucleate metacystic amoebae in very 
early hatching cultures. In the culture mentioned on p. 206, for example, 
which had been incubated for only 4-5 hours, I found—in addition to the 
forms already recorded—some 2 per cent of uninucleate amoebae, and 1-3 per 
cent of binucleates, These could not have arisen from infranucleate cysts, in 
the ordinary way; and as no metacystic divisions were seen to take place in 
the hatched amoebae during the period of observation, I was at a loss to 
account for them. It was not until I had studied the hatching stages in much 
greater detail that I ascertained the origin of such forms. I now know that they 
arise in the following ways: 

Division in the cyst before hatching. In a few living cysts which had reached 
the stages depicted in figs. 3 and 4 (Pl. VII), when the cystic amoeba is attempt- 
ing to escape, I have seen it undergo division into two. A slight constriction 
first appears, approximately in the equatorial plane, and gradually deepens 
until fission is complete. The amoeba does not come to rest during this process, 
but remains actively motile; and details are thus very difficult to observe. 
During the later stages, however, it can be clearly seen that the two daughter- 
individuals are completely separate, and they continue to move about in the 
cyst—rolling over one another, and trying to escape—just like ordinary 
undivided organisms. After a variable time, the cyst wall is perforated and 
gives way as usual; and the two daughter-amoebae then flow out rapidly one 
after the other. 

It is impossible to count the nuclei accurately in living individuals at these 
stages, owing to their indistinctness and the streaming of the protoplasm. 
The first case of this sort which I observed was in a supernucleate cyst, 
containing approximately 16 nuclei; and about half this number appeared 
to pass into each daughter amoeba. I am therefore certain that supernucleate 
cysts can hatch in this manner, though I have been unable to obtain any stained 
specimens in which I could count the nuclei with certainty. But the pheno- 
menon is not characteristic of supernucleate cysts, as I at first imagined: 
it may be seen in normal (8-nucleate) cysts and even in infranucleates. Stained 
specimens are extremely difficult to secure, however, so I have hitherto suc- 
ceeded in obtaining only a few: nevertheless, they prove that the distribution 
of nuclei between the daughter-amoebae is at random, and that no nuclear 
divisions occur. 

I give illustrations of 3 such divisions in figs. 16, 17, and 21 (Pl. VII)—all 
of which show infranucleate cysts of different nuclear constitution. Fig. 16 
depicts a 5-nucleate (infranucleate, in which 2 degenerating nuclei are visible 
in the upper individual), which has undergone division into a 3-nucleate and 


1 This statement refers to Strain MC. (and its derivatives). I have not yet found such stages 
in any other strains; but I believe this is due to the circumstance that I have not studied them in 
such great detail—not because they do not occur. I have indirect evidence that they do. 
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a 2-nucleate amoeba before hatching.1 The cyst wall is still intact—though 
softened and distorted—and its 2 layers are not certainly observable. Such 
a cyst would obviously give rise, on hatching, to 2 amoebae of approximately 
equal size—a trinucleate and a binucleate. Fig. 17 depicts a 4-nucleate 
(infranucleate) cyst whose protoplasm has divided into uninucleate and tri- 
nucleate daughter-amoebae. The cyst wall has here ruptured, and the two 
hatchlings are just about to escape. (The larger trinucleate has already 
ingested 3 starch-grains and several bacteria, as sometimes happens when 
excystation is effected by other methods also.) Fig. 21 shows an originally 
8-nucleate cyst which has become, or is becoming, infranucleate (6-nucleate) 
through degeneration of 2 nuclei. The protoplasm is almost completely divided 
into two daughter-amoebae—one (on the left) containing 2 nuclei, the other 
(on the right) 4: while each daughter contains also 1 degenerating nucleus. 
The two cyst walls are here clearly visible—the thick inner one being already 
perforated and partly collapsed, the thinner external being still intact. Such 
a cyst would clearly give rise subsequently to 2 amoebae containing 2 and 4 
nuclei apiece. 

As already noted, the daughter-amoebae—when alive—usually appear 
nearly equal in size, though their nuclear contents may be very unequal. I 
have never seen more than 2 individuals escape from any cyst. 

Division at hatching. This process is also very uncommon, but occurs 
constantly in my cultures. The cystic amoeba—whether a “normal” 8-nucleate 
or an infranucleate—undergoes its first metacystic division at the very moment 
of hatching; so that although only a single amoeba is seen within the cyst, and 
actively perforates its wall in order to escape, two daughter-individuals are 
almost immediately seen to creep away. The division takes place very quickly 
by simple constriction into two approximately equal parts, and here again 
the distribution of nuclei appears to be at random. Stained preparations of 
these stages are excessively difficult to obtain: so I can figure only two—the 
best in my permanent slides. Nevertheless, these illustrate the essential features 
convincingly. Fig. 18 (Pl. VII) shows a “normal” 8-nucleate amoeba dividing 
into a 5-nucleate and a 3-nucleate, of roughly equal size, at the moment of 
hatching. Fig. 19 shows a similar division into a 7-nucleate and a 1-nucleate. 
Apart from the circumstance that the daughter-individuals here contain no 
ingested food-bodies, they are indistinguishable from similar products formed 
at the first fission which occurs in the course of the more usual metacystic 
development (vide infra). 


(iv) Supernucleate cysts 

In every strain of £. coli which I have studied in vitro, cysts containing 
more than the normal mature number of nuclei (8) are frequently found. 
They are always larger than the others, and have already been often noted in 


1 No trace of the 8th nucleus—which presumably degenerated earlier—is discoverable in either 
of the daughter-amoebae. 
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stools. To such outsize cysts I have applied the term “‘supernucleate”. Their 
supernumerary nuclei vary in number, and are formed by division of one or 
more of the 8 nuclei characteristically present in the mature cyst. If only 
one of these divides, a cyst containing 9 nuclei results: if all 8 divide, 16 nucle. 
are formed; and so on for intermediate numbers. The commonest numbers 
are 10, 12, and 16—formed by division of 2, 4, or 8 nuclei respectively—but 
giant cysts with more than 16 nuclei are sometimes found (20 or more). 

The percentage of supernucleate cysts varies from culture to culture, and 
from strain to strain—some strains being particularly prone to form them 
under almost all conditions. Strain MC., for example, may produce from about 
5 to 10 per cent of supernucleates in any culture—seldom more—while 
Strain MSC. almost always showed a greater proportion (often as many as 
20 per cent of all cysts). Such cysts appear to be merely overgrown specimens, 
which play no particular part in the life-history. 

Supernucleate cysts of H. coli—like those of E. histolytica, which I have 
described elsewhere—are undoubtedly able to produce viable metacystic 
amoebae. I have already noted (p. 209) how I observed one such cyst hatch, 
and I have observed others since. Hitherto I have always found, however, 
that they develop as infranucleates; but they are very difficult to follow 
through all stages of development, and this may not be the invariable rule. 
Anyway, I have never yet found a 16-nucleate amoeba emerging from an 
originally 16-nucleate cyst. The amoebae derived from such cysts usually 
contain 14, 12, or 10 nuclei, and evidently correspond with the 7-, 6-, and 
5-nucleates which develop from infranucleate cysts formed from original 
typical 8-nucleates. 

Although I have studied the supernucleates of Strain MC. especially in 
some detail, I have figured only a few interesting forms and omit further 
description—as the interpretation of many specimens is doubtful, and such 
amoebae do not constitute a material stage in the life-history. By their later 
divisions,? moreover, they give rise to amoebae containing ordinary numbers 
of nuclei (1 to 8)—indistinguishable from metacystic forms arising in the 
ordinary way from typical cysts—so that their descendants cannot be dis- 
tinguished with certainty. 

Fig. 55 (Pl. IX) shows a supernucleate cyst at the stage before hatching 
when the contained amoeba has become freely motile. Of the 16 original 
nuclei, 2 have degenerated, so that the resultant hatchling would presumably 
be a 14-nucleate. Fig. 56 shows a 10-nucleate amoeba (infranucleate) at the 


1 Schaudinn (1903, p. 569) stated that only 8-nucleate cysts are capable of further development: 
but in this, as in so many of his other observations on this species, he appears to have been mistaken. 
At all events, supernucleate cysts of both Z. coli and EZ. histolytica can hatch and continue their 
development in cultures; for I have actually seen them do so repeatedly. 

2 These divisions are inferred from the fact that supernucleate metacystic amoebae disappear 
gradually from cultures studied continuously, and are replaced by normally nucleate forms. 
Unfortunately I have been unable to find actual division-stages in my permanent stained pre- 
parations. 
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moment of hatching. The double cyst wall is very clearly visible in this large 
cyst, and the nuclei are of unequal size. (From their dimensions, I judge this 
amoeba to have originated from a supernucleate cyst containing originally 
less than 16 nuclei—probably 12, of which 2 have degenerated and disappeared.) 
Fig. 57 depicts an 11-nucleate amoeba which has recently hatched and already 
ingested numerous bacteria and starch-grains. Fig. 58 is a somewhat older 
and larger specimen containing 9 nuclei and much ingested food (not all 
shown). It is impossible to determine whether it escaped from an originally 
9-nucleate (supernucleate) cyst; whether it is an infranucleate product of 
a cyst originally containing more than 9 nuclei; or whether it arose from the 
division of a metacystic amoeba (containing an unknown number of nuclei) 
which escaped from a supernucleate cyst (of unknown nuclear content). This 
specimen was found in a 7} hours’ culture, but may have emerged some hours 
earlier. As its nuclei are approximately equal in size, I judge it to be the 
product of an originally supernucleate (? 16-nucleate) and later infranucleate 
cyst; for a “normal” 9-nucleate supernucleate would usually show 2 nuclei 
conspicuously smaller than the rest. 

I shall say no more about such aberrant forms here, as they would lead 
to almost endless—but certainly inconclusive—discussion. The constant 
occurrence of supernucleate cysts and amoebae in cultures must be noted and 
remembered, though in practice they usually afford more annoyance than 
interest or information. It should be emphasized, however, that they have 
nothing to do with the multinucleate giant amoebae (trophic amoebae—not 
metacystic) which are frequently encountered in badly growing cultures of 
E. coli (and E. histolytica), and which have been seen and apparently mis- 
interpreted by several authors. These giants are monsters—not stages in 
normal development—formed as a result of repeated nuclear division unaccom- 
panied by cytoplasmic fission. Their usual fate is death. 


(v) Metacystic amoebae 


It will now be clear, I think, that the metacystic amoebae which first 
appear in cultures immediately after hatching may display very different 
nuclear contents. Those which hatch “normally”, from “typical” 8-nucleate 
cysts in which no nuclei have degenerated, contain 8 nuclei apiece. Infranu- 
cleate cysts, however, in which 1 to 4 of the 8 nuclei have disappeared, may 
liberate metacystic (first-generation) amoebae containing only 7, 6, 5, or even 
4 cystic nuclei. Consequently, cultures examined at the earliest hatching 
stages show variable numbers of amoebae containing any number of nuclei 
from 4 to 8. 

Since, however, the first metacystic division may occasionally occur before 
or at the moment of hatching; and since the nuclei are distributed at random 
to the daughter-amoebae (which may be formed either from ‘‘normal” or 
from infranucleate parents): it follows that metacystic amoebae, when they 























CLIFFORD DOBELL 213 


first emerge from cysts and begin their free development, may be provided 
with any number of nuclei from 1 to 8. 

A concrete instance of the findings in an actual culture, with their explana- 
tion (as determined by study of this and other cultures), will perhaps make the 
matter clearer. On 4. iii. 34 I incubated a small batch of ripe cysts (Strain MC., 
serial subculture 122; cysts 13 days! old). At various times I removed minute 
samples and examined them microscopically, to make sure that development 
was taking place normally: and after 7 hours’ incubation I made fixed prepara- 
tions of the whole culture, as far as possible. I thus obtained 8 films—containing 
almost all the products of incubation—which I afterwards stained and searched 
systematically. In these permanent preparations I discovered altogether 
260 amoebae, whose numbers and nuclear constitution are shown in Table I.? 


Table I. Numbers and proportions of metacystic amoebae present 
in a 7T-hour culture of Strain MC. (E. coli jacchi) 


Total no. found and studied = 260 


Number Per cent 

Amoebae containing 8 nuclei 18 7-0 
ms é . 13 5-0 

- ‘ CS ss 40 15-4 

- R > w 52 20-0 

- ; S « 70 27-0 

” ” 3» 37 14-2 

” ” 2 ” 18 7-0 

. # 12 4-6 


Amoebae containing 8 nuclei were clearly derived from “normal” 8-nucleate 
cysts; while many of those with 7, 6, 5, or 4 nuclei also represented first- 
generation organisms, but originated from cysts which had become infranu- 
cleate before hatching. Some amoebae with 7, 6, 5, or 4 nuclei, however, were 
products of the first fission—amoebae of the second metacystic generation— 
which may have occurred before or at hatching, or more probably soon 
afterwards. All amoebae with 1, 2, or 3 nuclei apiece were similar fission 
products—of “‘normals” or infranucleates. It will be seen that 7-nucleates 
and 1-nucleates were almost equal in number (13 and 12 respectively), and 
might therefore be accounted for by division of 8-nucleates: but there are more 
than twice as many 6-nucleates (40) as 2-nucleates (18), so these obviously 
cannot be explained in the same way. 

In support of these interpretations—which are chiefly based upon evidence 
afforded by other cultures—it may be mentioned that several hatching cysts 
and division stages were actually found in the preparations under discussion. 
In this material I found hatching cysts liberating amoebae containing 8, 7, 6, 


1 The age of the cysts—which had been kept since their formation at 10° C.—proves that no 
uninucleate amoebae found in the culture could have been introduced with the inoculum. In this 
culture, moreover, which developed rather late, less than 50 per cent of the cysts had hatched after 
7 hours’ incubation. 

* The percentages are approximate—to the first decimal place—and the few dividing forms 
and recognizably supernucleate individuals encountered were not reckoned. 
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and 5 nuclei;! and I also found division stages as early as those shown in 
figs. 18 and 19 (Pl. VII)—both hatching-divisions—and as late as that depicted 
in fig. 30 (Pl. VIII), which is a final stage showing 2 uninucleate amoebulae 
being formed by fission of a binucleate metacystic amoeba. 

Examples of all the various types of metacystic amoebae are illustrated 
in Plates VII and VIII.? Figs. 7 (Pl. VII) and 24 (Pl. VITI) illustrate 8-nucleate 
forms. Fig. 22 (Pl. VII) shows a 7-nucleate specimen. Fig. 20 (Pl. VII) is a 
6-nucleate; figs. 23 (Pl. VII) and 33 (PI. VIII) are 5-nucleates; figs. 26 and 
35 (Pl. VIII) are 4-nucleates; figs. 37, 39, 41 (Pl. VIII) are 3-nucleates; figs. 42 
and 43 (Pl. VIII) are 2-nucleates; and figs. 44, 45, 46 (Pl. VIII) represent 
3 small 1-nucleates. 

As soon as they hatch, the metacystic amoebae begin to creep about actively, 
ingest solid food (bacteria, starch-grains, etc., which are indicated in the 
illustrations), and grow. Consequently, they soon increase in size; and as 
all cysts do not hatch simultaneously, amoebae of different sizes and origins, 
but containing the same number of nuclei, are often found side by side in the 
same culture. Nevertheless, the relative sizes of their nuclei, and the volume 
of their cytoplasm, may afford a clue to their ancestry. For example, in an 
early culture a large 5-nucleate such as fig. 23 (Pl. VII) is almost certainly the 
offspring of an infranucleate (5-nucleate) cyst (cf. fig. 13, Pl. VII): whereas 
a small 5-nucleate such as fig. 33 (Pl. VIII) is equally certainly recognizable as 
an ungrown product of fission (ef. fig. 18, Pl. VII). 

Fission of the metacystic amoebae, as already noted, may occur both 
before and during excystation: but such processes are unusual and premature, 
and cannot account for the distribution of nuclei in the amoebae enumerated 
in Table I. Most of the metacystic divisions occur after hatching, and after 
the excysted organisms have made a certain amount of growth. These stages 
must now be described in greater detail. 

Metacystic divisions.—The end result of the whole metacystic cycle is the 
production of uninucleate amoebulae (young trophic amoebae)—one for every 
nucleus present in the hatching cyst. During these stages no nuclear divisions 
occur: the cytoplasm alone divides, and the resting nuclei are distributed 
at random to the daughter-individuals. Normally, division into two alone 
occurs—multiple fission being extremely rare—and its products may or may 
not be equal in size. Often the larger daughter contains the greater number 
of nuclei, but this is not always so (cf. the hatching-division shown in fig. 19). 

It will be evident that a variable number of cytoplasmic fissions may occur 
between hatching and the final production of uninucleate amoebulae. More- 
over, the time required is also variable. Divisions may begin even before 
hatching, and they may not be completed for 24 hours or even longer. Hatching 
itself, as already noted, also takes place at variable intervals of time after the 


1 IT also found a supernucleate cyst hatching with the production of a 10-nucleate amoeba 
(fig. 56, Pl. IX). 
2 Additional particulars will be found in the descriptions of the plates. 
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beginning of incubation, while the amoebae feed and grow between any one 
division and the next. Consequently, metacystic amoebae of variable size and 
nuclear content commonly occur side by side in the same culture for a con- 
siderable time. There is a progressive reduction in the average number of 
nuclei present in all individuals from hour to hour—8-nucleates becoming 
fewer and disappearing, and 1-nucleates increasing in number, with corre- 
sponding changes in the amoebae with intermediate nuclear constitutions. 
Even after 36 hours, however, all amoebae are often not uninucleate—those with 
more than 1 nucleus being accounted for by late hatching and delayed fission. 

To illustrate the state of affairs in cultures of different ages I give a tabular 
summary (Table II) compiled from careful counts of 3500 metacystic amoebae, 
of various ages (4 to 36 hours), found in a series of cultures made and studied 
during the last four years. The proportions are here given as percentages— 
to the first decimal place—while supernucleate specimens and dividing forms 


Table II. Showing the relative numbers of metacystic amoebae containing 1 to 
8 nuclei (N) in cultures of various ages (4-36 hours). Strain MC. (E. coli jacchi) 


Duration Total no. 





of of Percentages of amoebae containing 
incubation amoebae . Y 

(hours) counted 1N 2N 3N 4N 5N 6N 7N 8N 
4-5 150 2-0 13 8-6 26-0 26-0 21:3 3°3 11:3 
6} 250 1-6 2-8 10-0 30-4 27-2 20-8 1-6 4:8 
74 500 3-8 5-2 8-2 20-6 36-4 20-0 2-6 2-2 
84-94 200 6-0 9-0 17-0 21-0 26-5 15-0 4-5 1-0 
12 200 29-5 11-5 7-0 14-5 18-5 11-5 4-5 2-5 
13 250 39-6 13-2 11-2 10-8 14-8 76 1-6 0-8 
15 300 47-6 17-3 8-6 11-6 8-6 3-3 1-6 0-6 
17 200 61-5 24-0 5-0 2-0 3-0 1-5 1-5 1-0 
24 300 71-3 17-6 4-0 2-3 1-3 1-0 1-0 1-0 
29 200 88-0 6-5 3-5 1-0 0-5 0-0 0-5 0-0 
36 500 91-6 6-0 1-0 0-6 0-8 0-0 0-0 0-0 


(occasionally met with in working through the material) have been purposely 
ignored. I may add that it is extremely difficult and laborious to obtain such 
figures. Only first-rate permanent preparations afford satisfactory material 
for study: every slide has to be searched systematically and examined 
thoroughly under an oil-immersion lens. Every amoeba encountered requires 
most careful scrutiny, for it is very easy to make mistakes in counting the nuclei 
even in the best specimens. I can only hope that any errors of my own have 
been nullified by taking sufficiently large samples. Anyone who repeats such 
observations will readily appreciate the difficulties without further comment. 

During the first 24 hours (and subsequently) the uninucleate amoebulae, 
which are formed at various times, grow into trophic amoebae and may then 
undergo normal division (accompanied by mitotic division of the nucleus). 
The number of uninucleates is therefore swelled progressively, so that 24-hour 
cultures—for example—by no means always show the proportions given in 
Table II. For comparison with the figures here given I therefore record in 
Table III the results of another count made on a similar 24-hour culture on 
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another occasion. In this culture uninucleates of all sizes were found, from 
those newly formed (down to 10y in diameter) to full-sized trophic amoebae. 
Dividing trophic individuals (with nuclei in various stages of mitosis) were also 
present, but have not been included. 


Table III. Showing the relative numbers of metacystic amoebae containing 1 to 
8 nuclei (N) in a 24-hour culture of Strain MC. (E. coli. jacchi) 


Percentages of amoebae containing 





Total no. - A ‘ 
counted 1N 2N 3N 4N 5N 6N 7N 8N 
400 86-25 9-25 2-00 1-00 0-25 0-00 1-00 0-25 


All the figures given in Tables II and III relate to Strain MC., but I have 
recorded similar findings from all other strains studied less thoroughly. In 
all, the same forms of amoebae occur during the metacystic stages though their 
proportions vary from strain to strain and from culture to culture. As an 
illustration I give (Table IV) the findings from a good normally developing 
culture of Strain UC. (E. coli hominis), in which I examined and counted the 
nuclei in many individuals present at an early stage of incubation (5-6 hours). 
(In this case the supernucleates! were reckoned, and included in calculating 
percentages.) The figures are comparable with those given for Strain MC. 
in the first two rows of Table II (4-6} hours). 


Table IV. Showing the relative numbers of metacystic amoebae containing 1 to 
8 nuclei (or more) in a culture incubated for 5-6 hours. Strain UC. (E. coli 





hominis) 
Percentages of amoebae containing 
Totalno. ; A . 
counted I1N 2N 3N 4N 5N 6N 7N 8N SuperV 


750 0-27 0-66 2-80 13-20 27-87 34-26 13-87 2-80 4:27 


Although I have carefully watched metacystic amoebae of various sizes 
undergoing division into two, I have never succeeded in observing the distribu- 
tion of nuclei in living specimens with certainty. The amoebae remain motile 
while dividing—not rounding up as they do during ordinary trophic fissions, 
with nuclear division by mitosis—and are usually so full of food that accurate 
study of their nuclei is impossible. Division, moreover, is rapid, and requires 
only a few minutes at most for its completion. The daughter-individuals then 
soon creep apart, so that it is not feasible to follow both. To make matters 
worse, actual division-stages—showing the exact distribution of nuclei at the 
moment of cytoplasmic fission—are extremely difficult to obtain in permanent 
preparations. They can be found only in films fixed at 37° C. which have been 
subjected to the minimum of handling, since cooling or mechanical manipula- 
tion causes dividing organisms to round up and cease to divide. By taking 
every precaution, however, I have now succeeded in obtaining a sufficiently 


1 The supernucleate amoebae in this culture contained the following numbers of nuclei: 
9, 10, 11, 12, 14, 16, and 20 (only one individual, and number somewhat uncertain). 
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large number of well fixed and stained specimens which reveal all the chief 
stages of the metacystic fissions. A selection of these, illustrating the more 
important features, is figured in Plate VIII. 

Fig. 25 (Pl. VIII) shows the division of an 8-nucleate metacystic amoeba 
into 2 equal daughter-amoebae—each containing 4 nuclei (by equal distribu- 
tion). A product of such a bipartition is illustrated by fig. 35. A 4-nucleate 
amoeba so formed may subsequently divide—with random distribution of 
its nuclei—into 2 binucleates (fig. 27) or into a trinucleate and a uninucleate 
(figs. 28 and 36). Such 3-nucleate, 2-nucleate, and 1-nucleate products are 
shown respectively in figs. 37, 43, and 44 (and others). Trinucleate amoebae 
divide into a binucleate and a uninucleate (fig. 38), and all binucleates ulti- 
mately into 2 uninucleates (figs. 29, 30, 31). 

All other amoebae, whatever their nuclear constitution, divide on the 
same principle. The cytoplasm undergoes fission by constriction into 2 parts— 
either equal or unequal—while the nuclei are distributed at random: and the 
process is continued until all products are uninucleate. Growth occurs between 
divisions, so that amoebae of all sizes—containing any number of nuclei from 
1 to 8—may be encountered in cultures of various ages: but the final result is 
always the same. Typical division stages are shown in fig. 32 (a 6-nucleate 
dividing into a 5-nucleate and a 1-nucleate): fig. 34 (a 5-nucleate dividing into 
a 4-nucleate and a 1-nucleate): and fig. 40 (a 6-nucleate dividing into two 
3-nucleates). Many uninucleate amoebulae, when first formed, are extremely 
small, and measure no more than 7y in diameter (e.g. fig. 45). They are often 
so much smaller than their sister-amoebae that their formation might perhaps 
more properly be described as budding than as fission (cf. fig. 28). 

I have already noted that only binary divisions are usually seen during the 
metacystic stages; but I have very rarely met with individuals showing tri- 
partition of the cytoplasm. One of these is depicted in fig. 59 (Pl. IX), and 
shows a very large 4-nucleate dividing into a large binucleate and 2 smaller 
uninucleates. The few other specimens seen were similar, and all were found 
in late cultures (24 hours or more). I believe them to be abnormal, and not 
a regular stage of development. (This is supported by the appearance of one 
of the nuclei in the specimen illustrated. It is greatly hypertrophied, and out 
of all proportion to the others.) Such forms are of interest, however, as 
division into 3 or 4 is commonly seen in the later metacystic stages of L. 
histolytica—in which the process appears to be normal. 

Although no nuclear divisions occur during the metacystic development 
of E. coli, the nuclei of individual amoebae are often unequal in size (cf. figs. 25, 
26, 31, 40, etc.). Such organisms bear a most misleading resemblance to the 
metacystic forms of £. histolytica, in which large and small nuclei regularly 
occur—the former, as I have shown,! being cystic nuclei (N), and the latter 
their daughters (n). In E. coli, however, the irregularities and differences in 
nuclear size have no relation to division—all nuclei, of every size, being cystic 


1 See Dobell (1928). 
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(N), and none of them daughter-nuclei. The irregularities arise often at the 
time of hatching, and persist, or even become accentuated, during subsequent 
growth stages. They have no other significance, since amoebae with unequal- 
sized nuclei are capable of normal growth and development. 

It will perhaps be convenient to summarize at this point what has already 
been said about the origin and fate of the various metacystic amoebae of 
E. coli—containing different numbers of nuclei—as it will render further 
description unnecessary. No special nomenclature, such as I used for E. histo- 
lytica, is needed to describe these stages: but if I continue to use the symbol N 
to denote a cystic nucleus, the whole process may be expressed very briefly 
and comprehensively! as follows: 

A. Octonucleate amoeba (8N). Derived directly from “normal” cyst (8N) 
by total excystation. Gives rise by binary fission, with random distribution 
of nuclei, to 7N and 1N, 6N and 2N, 5N and 3N, or 4N and 4N. 

B. Septemnucleate amoeba (7N). Derived directly, by excystation, from 
infranucleate (7N) cyst: or indirectly, by fission, from A. Gives rise by binary 
fission to 6N and 1N, 5N and 2N, or 4N and 3N. 

C. Sexnucleate amoeba (6N). Derived directly from infranucleate (6N) 
cyst: or indirectly, by fission, from A or B. Gives rise by binary fission to 
5N and 1N, 4N and 2N, or 3N and 3N. 

D. Quinquenucleate amoeba (5N). Derived directly from infranucleate 
(5N) cyst: or indirectly, by fission, from A, B, or C. Gives rise by binary 
fission to 4N and 1N, or 3N and 2N. 

EK. Quadrinucleate amoeba (4). Derived directly from infranucleate (4) 
cyst: or indirectly by fission from A, B, C, or D. Gives rise by fission to 3N 
and LN, or 2N and 2N. 

F. Trinucleate amoeba (3N). Derived by fission from A, B, C, D, or E. 
Gives rise by fission to 2N and 1N. 

G. Binucleate amoeba (2N). Derived by fission from A, B, C, D, E, or F. 
Gives rise by fission to 1N and 1N. 

H. Uninucleate amoebula (14). Derived by fission from A, B, C, D, E, F, 
or G. 

Uninucleate amoebulae—small amoebae of variable size, each containing 
1 undivided cystic nucleus—are the final products of metacystic development. 
However formed, they always behave in the same way subsequently. They 
creep about actively, ingest food, and grow into trophic amoebae once more. 
They are young “ordinary” amoebae—like those found commonly in faeces 
or cultures—and not gametes or conjugants. 

So far as I have been able to determine, by prolonged and careful study of 
all stages, there is no “sexual” stage of any sort in the life-history of Z. coli. 
Like that of FE. histolytica it is completely sexless throughout. As I have 


1 The development of supernucleate cysts (and their progeny) is here left out of account: 
and to simplify matters the moment of fission—whether before, during, or after excystation—has 
also been ignored. 
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previously shown,! the “autogamy” (or other sexual processes) described as 
occurring in the cysts of this species was an error of observation and inter- 
pretation: and this conclusion has been abundantly confirmed in the course 
of the present work. I have now found, moreover, that previous suggestions 
of any “conjugation” or “sexual” stages during the metacystic cycle are 
equally ill-founded. 

The nuclear degeneration, which I have regularly observed in the formation 
and development of infranucleate cysts, at first suggested the possibility of 
nuclear “reduction” and gametogenesis: but all my observations contradict 
such hypotheses. Moreover, the irregularity with which infranucleate cysts 
are formed, and the inconstancy in the number of nuclei which degenerate, 
are inconsistent with any ordinary theory of gamete-formation. I have studied 
the formation and behaviour of amoebulae on innumerable occasions and with 
the closest attention, and I am satisfied that they are—as in E. histolytica— 
young trophic amoebae, and not gametes or sexual forms of any sort. 

It may not be out of place here to note the chief points of difference between 
E. coli and E. histolytica during their metacystic development. Both species 
ultimately produce a brood of uninucleate amoebulae from a multinucleate 
cyst by a series of cytoplasmic divisions: and in both, the amoebulae are young 
trophic amoebae which grow into ordinary adults. The method of division, 
however, and in fact the metacystic cycle as a whole, is radically different in 
the two species. Every cytoplasmic fission in E. histolytica is accompanied by 
a nuclear division; but in £. coli no nuclear divisions occur at any stage. 
Consequently, the 4-nucleate cyst of the former ultimately produces 8 amoebae, 
while the 8-nucleate cyst of the latter never produces more. Indeed, it often 
produces less: for many cysts of this species lose some of their nuclei by 
degeneration—thus becoming infranucleate—and therefore finally produce 
7, 6, 5, or even only 4 amoebae. L. histolytica begins its metacystic life 
apparently at a nuclear disadvantage, but more than makes up for it later. 
This partly? accounts for the observation—which often perplexed me before 
I knew the facts—that a 24-hour culture of EZ. coli, made from cysts, generally 
contains fewer amoebae than a similar culture of EZ. histolytica (made from 
approximately the same number of cysts). 

A minor point of contrast between E. coli and E. histolytica is seen in the 
frequent occurrence in the former of metacystic amoebae containing 3 cystic 
nuclei (NNN). As I have emphasized elsewhere,* such forms are never seen in 





1 See Dobell (1919). 

2 The early development of £. coli is also slower than that of E. histolytica, in which the 
metacystic cycle is usually completed in about 12-13 hours. 

3 Dobell (1928), p. 396. Cleveland and Sanders (1930)—on hypothetical grounds—suppose 
that NNN amoebae are formed during the metacystic stages of EZ. histolytica. As I pointed out 
(loc. cit.), “It is obvious that such an organism could arise in only one way—by tripartition of 
a quadrinucleate octogen (VN NN) into n, NNN, and n.”’ No such division has ever been seen 
by me, or by Cleveland and Sanders; nevertheless, they show it as occurring in their text-fig. 6 
(pp. 246, 247). This is not an observation but a guess. The only evidence which they give is their 
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E. histolytica, in which species trinucleate metacystic amoebae are invariably 
pentagens (NNn), tetragens (Nnn), or trigens (nnn). Owing to inequality 
in the sizes of their nuclei, trinucleate amoebae of E£. coli often resemble these 
stages of E. histolytica: but the size-differences observable are due, as already 
pointed out, not to nuclear divisions, but to unequal development and growth 
of the cystic nuclei during excystation and metacystic development. Fig. 40 
(Pl. VIII) illustrates this. It shows a large 6-nucleate dividing into two 3-nucle- 
ates. The parent evidently contained 1 very large nucleus and 1 large one (both 
formed by unequal growth), and 4 smaller. The 2 daughters contain 1 large and 
2 small (upper individual) and 1 very large and 2 small (lower individual). 
Either of these, when free, would pass as trinucleate tetragens (Nnn): but 
they cannot be such, as no nuclear division is occurring (or has occurred 
previously). The appearance of such forms is misleading only when their 
origin is unknown. 

Development of trophic amoebae.—The amoebula, or final product of meta- 
cystic development, becomes an ordinary trophic amoeba by a simple process of 
growth. It attains its full size in a few hours, but the time cannot be stated 
exactly. Many amoebulae are minute (cf. fig. 45) when first formed, others 
larger (cf. fig. 46): and they are not all of the same size when adult. When they 
attain their full size, however, they divide in the usual way—their nuclei 
undergoing the peculiar mitosis characteristic of the genus. 

As the ordinary divisions of E. coli have never yet been properly described, 
I give a few figures to complete the life-history. They were all carefully drawn 
from specimens in young cultures, and represent in most cases the first (or 
possibly second) mitotic division after excystation. (As all divisions in the 
trophic cycle are alike, the first cannot be recognized with certainty.) 

Fig. 47 (Pl. VIII) shows an adult trophic amoeba, from a 24-hour culture 
(from cysts) containing thousands of similar forms.! Fig. 48 shows the amoeba 
rounded up, preparatory to division, with its nucleus in a prophase stage: 
the karyosome is dividing, and chromosomes are forming. Fig. 49 shows an 
early nuclear spindle, with characteristic “polar caps” and filamentar chromo- 
somes at the equator. In fig. 50, the chromosomes are globular and are dividing 
or have divided, and the spindle shows a medial constriction (metaphase). 
Fig. 51 shows an anaphase, with the cytoplasm elongated and beginning 
to divide: figs. 52 and 53 depict telophases, with cytoplasmic division by 
constriction. Fig. 54 is one daughter-amoeba with its nucleus completely 
reconstructed. 
fig. 40 (Pl. 9), which is said to show “A 3-nucleate metacystic amoeba undergoing tripartition of 
the cytoplasm.’ This interpretation is itself questionable (to judge from the illustration): but 
they add themselves “It is difficult, in this case, to determine whether the nuclei are cystic or 
metacystic. We feel that cytoplasmic fission, in rare instances, may precede division of the cystic 
nuclei.’’ Feelings, however, are no valid substitute for facts: and on p. 245 they admit “‘It is also 
possible that this illustration is nothing more than an artifact of fixation.” 

1 For comparison with this cultural form I give fig. 60 (Pl. IX), an amoeba (from another 
culture) fed on human red blood-corpuscles; and fig. 61 (Pl. IX), an amoeba from the faeces of 
a man experimentally infected with the same strain. 
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The chromosomes are 6-8 in number, but I have not yet succeeded in 
counting them with certainty owing to the numerous stainable granules usually 
accompanying them. 

These figures (48-54) may be compared with those which I have previously 
given of E. histolytica (1919, 1928). I shall say no more about them here, as 
I hope to be able to describe the nuclear divisions of both species more exactly 
in a later memoir. 


This completes my account of the life-cycle. No stages other than those 
described occur normally in cultures, and there appear to be no good reasons 
to suppose that any further development takes place in nature. The life-history 
is therefore quite simple in its general outline, and consists in an alternation 
between trophic amoebae and cysts, with no sexual stages of any sort and no 
multiplication in the free state by any other method than binary fission. The 
metacystic amoebae present several peculiarities, but these can be more 
profitably considered after comparing EZ. coli with certain other species. 

Before discussing my findings further, I would emphasize here once more 
that the development which I have just described is observable not only in 
the strain (MC.) of E. coli which I isolated from Hapale jacchus, but also—so 
far as I have yet been able to study them—in all strains which I have hitherto 
investigated from Man and macaques. I therefore believe my account to be 
generally true for EZ. coli—regardless of the source of the material—though 
I am well aware that more intensive study of additional strains may someday 
make it necessary to modify this conclusion. 





IV. Discussion 


Three matters remain for discussion and elucidation: (1) previous observa- 
tions (or speculations) on the metacystic development of E. coli; (2) comparison 
of this species with others of the same genus (especially EF. histolytica); 
(3) conclusions to be drawn from these considerations. I will deal with them 
in this order. 

Previous observations on E. coli.—So far as I can discover, the first workers 
who claimed to have seen the metacystic stages of this species were Casagrandi 
and Barbagallo (1897), whose observations were “confirmed” by Schaudinn 
(1903).1 According to their descriptions, when the cysts hatch in the large 
intestine of the cat (or, inferentially, a man), each liberates a brood of 8 small 
uninucleate amoebae. Nobody else has been able to verify these statements, 

1 In the discussion of Schaudinn’s work in my monograph (1919) there is a regrettable mistake 
which I should like to correct. On p. 90 (footnote) I wrote that, in his account of his self-infection 
experiments, he “stated that the infection lasted on each occasion for only 2 months.’” What he 
really said (1903, p. 565) was that on each occasion his experiment was controlled by regular 
[presumably negative] examinations made for 2 months previously. The duration of the infections 
was not given. How I came to make this wrong statement I do not know, as I had read Schaudinn’s 


paper so often before 1919 that I then knew the part dealing with amoebae almost by heart. 
I can now only apologize for my blunder (which did not really affect my argument). 


Parasitology xxx 15 
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and—as I pointed out in 1919—it is impossible to accept them on the evidence 
presented. 

The uninucleate amoebulae supposed to escape from the cysts are, according 
to the workers just mentioned, young trophic amoebae. Mathis and Mercier 
(1917), however, believed that they were gametes—of two sorts and sizes— 
and that they arose from two different kinds of cysts (“‘macrocysts” and 
“microcysts”): but they were unable to advance any real evidence either for 
the dimorphism of the cysts or for the existence of sexual stages of any sort. 
There is now no doubt that all these suppositions were erroneous (as I also 
pointed out in 1919). 

A peculiar development of the cysts in vitro was described a few years later 
by Yoshida (1920), who appears to have studied and misinterpreted the 
degeneration rather than the normal development of Z. coli. But I confess 
I cannot discuss his findings, as the greater part of his paper is, to me, unin- 
telligible.t 

Mathis and Mercier (1917) not only believed in the existence of “ gamogonic”’ 
cysts but also distinguished others which they regarded as “‘schizogonic”’, 
from which broods of young amoebae were supposed to be produced asexually 
by a process of budding. This conception was certainly mistaken, and recalls 
the equally erroneous account of “schizogony” previously given by Schaudinn. 
I noted this in 1919; but not long afterwards similar ideas were revived by 
Kofoid and his pupils, who even attempted to show that the “budding cysts” 
of E. coli (and E. histolytica?) belong to a new genus of amoeba designated 
Councilmania. That this conception was based upon the misinterpretation 
of artifacts has now been convincingly demonstrated by Toynbee Wight and 
Prince (1927), and others, though the fact was obvious from the beginning to 
everyone familiar with the intestinal amoebae of Man: indeed, it was so obvious 
that I have always thought it unnecessary to discuss the statements of the 
Californian school in this connexion, and I mention them here only because 
I must now refer to the observations of Allen. 

Allen (1926) claims to have witnessed the “excystment” (= excystation) 
of “Councilmania lafleuri” (i.e. E. coli) in vitro. Apparently only a single 
cyst (obtained from faeces) was seen to hatch; and the hatching occurred in 
medium consisting of only 0-01 per cent dextrin in Ringer’s fluid. (No mention 
is made of the temperature or duration of incubation.) A single amoeba 
(believed to be uninucleate) was seen to escape through a small pore in the 
cyst wall, after flowing in and out several times; and this was regarded as 


‘ 


1 The work of K. Yoshida (who is not to be confused with his countryman S. Yoshida, the 
eminent helminthologist) puzzled me greatly until I learnt the following facts from Dr M. Koidzumj 
in 1930—which I record here for the information of fellow-students. Dr K. Yoshida, who is no 
longer alive, was a general practitioner. He had no expert knowledge of protozoology, and did 
no other research on the subject. Moreover, he knew no English, so his papers were translated 
into this language for him—unfortunately by a person who, though possessing a good knowledge 
of Japanese and English, also knew nothing of protozoology. These circumstances, taken in 
conjunction with the extreme difficulty of understanding and interpreting the papers themselves, 
make it unnecessary and unprofitable, I think, to discuss Yoshida’s publications in detail. 
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a final stage of “budding”—the amoeba being supposed to be the last of 8 
to leave the cyst (7 others, which were not seen, having supposedly escaped 
previously). The description and figures bear an undeniable resemblance to 
the normal excystation of E. histolytica, but little or none to that of EZ. coli. 
Moreover, the cysts of neither species will usually hatch at all under the 
conditions indicated. I am therefore unable to explain these observations, or 
to accept the extraordinary interpretation put upon them by this author. 

An equally peculiar but quite different description of the excystation of 
E. coli was published in the following year by Hegner (1927). He studied 
cysts (from faeces) ‘‘in water or in weak saline solution” on a warm stage. 
In my experience, cysts will not hatch at all under such conditions, but he 
observed hatching ‘many times”. According to his account, “the protoplasm 
within the cyst is at first finely granular. . . but later the nuclei become invisible 
and a number of larger granules of various sizes appear. The first evidence of 
activity preceding excystation is the movement of the cytoplasm in the center 
of the cyst. No large free area exists between the cyst contents and the cyst 
wall... .Pseudopodia first appear through an opening in the cyst wall. This 
opening is small and the protoplasm streams through it rapidly in a thin 
strand...but usually, after from one half to three fourths of the protoplasm 
has escaped...most or all of the animal streams back again into the cyst. 
This. ..may occur as often as ten times before complete escape is effected and 
the liberated amoeba moves away.” Apart from the puzzling early stages, 
this description again appears more applicable to EZ. histolytica than to E. colt. 

I have now seen hundreds of cysts of both E. coli and E. histolytica—of 
many different strains—undergo excystation, and have studied every stage 
with great care both in life and in good permanent preparations. The behaviour 
of all strains has been consistent, under properly controlled conditions, and 
I am unable to believe that all my strains are abnormal. But I am unable to 
reconcile my observations on E£. coli with those of Casagrandi and Barbagallo, 
Schaudinn, Mathis and Mercier, Yoshida, Allen, or Hegner—whose descriptions, 
it should be noted, are largely incompatible with one another.’ I can only 
conclude that these authors themselves studied abnormal material, under 
inappropriate conditions, though I am unable to explain all the discrepancies 
in their descriptions. 

Comparison of the metacystic stages of E. coli with those of E. histolytica 
and related species, and the conclusions to be drawn therefrom.—Since I published 
my paper on the life-history of E. histolytica (1928) several other accounts 
have appeared, and the metacystic development has also been described in 
some other species of Entamoeba. 

As regards £. histolytica, I must first mention the memoir of Cleveland and 

1 It is curious that the excystation of E. coli, as described by Allen and Hegner, appears more 
applicable to EZ. histolytica; while that of E. histolytica, as described by Yorke and Adams (1926) 
and Hegner, Johnson, and Stabler (1932) more closely resembles Z. coli. I do not, of course, 
allege that all these workers misidentified the species which they studied; but it is noteworthy 
that none of them has published any evidence that the faecal] material used was specifically pure. 
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Sanders (1930). This is not the place to analyse their work in detail: moreover, 
as their actual findings—apart from their deductions—are not significantly 
inconsistent with mine, a detailed analysis is unnecessary. They evidently 
observed many of the stages which I had previously seen and described: they 
adopted my terminology and sequence: but they apparently interpreted what 
they saw somewhat differently, and devised a scheme of metacystic develop- 
ment—diagrammatically represented in their text-fig. 6 (pp. 246-7)—which 
is not wholly founded on fact. They were apparently not content with the 
development which is actually observable, and which I described, but attempted 
to idealize and improve it. Consequently, many of their hypothetical stages 
do not, in fact, occur: at least, they have never yet been seen either by Cleveland 
and Sanders or by anyone else. For example, they suppose that a 4-nucleate 
metacystic amoeba (VN NN) may produce a brood of 8 uninucleate amoebulae 
(n) by simultaneous division of all its nuclei with multiple fission of the 
cytoplasm: but they have never seen this happen, and have no specimens 
showing this process.! 

It seems to me that the Cleveland-Sanders scheme for E. histolytica is not 
an induction from observed facts, but was arrived at deductively: moreover, 
it contradicts the general principle of metacystic development deducible from 
objective study of this species—the general rule that every cytoplasmic division 
is accompanied by the division of a single cystic nucleus (N). It is impossible 
to understand the method of subdivision during the metacystic stages without 
studying the actual process of fission at every generation: but this, apparently, 
these workers have not done. Indeed, to judge from their paper, they were 
able to find very few division-stages in their material, and therefore supplied 
the deficiencies in their observations by unjustifiable assumptions.2 Much 
stronger evidence than that hitherto advanced by Cleveland and Sanders 
is surely needed to prove that my interpretation—founded on more suitable, 
more carefully controlled, and more extensive material—is wrong. Anyway, 
I still have actual specimens of all the stages which I described, and all their 
figures are consistent with my interpretations. 

The process of excystation in E. histolytica has been more recently described 
by Hegner, Johnson, and Stabler (1932). Their account differs from mine 


1 “This we have not seen. It may, of course, occur but it would be very difficult to observe 
because of the difficulty involved in fixing an amoeba dividing into eight amoebulae”’ (loc. cit., 
p- 249). I can only say that I see no reason why it should be more difficult to observe and fix 
such stages if they occur than any others. The obvious explanation of why they have not been 
found is because they do not occur. 

? Another instance of this has already been noted on p. 219 (footnote): it is unnecessary to 
enter into further details here. I shall also say nothing about the phenomenon described as 
“multiple fission without encystment”’—which does not occur in any of the strains which I have 
studied, and which I regard as an abnormal cultural phenomenon or a misinterpretation of other 
stages. In any case, it has nothing to do with normal metacystic development. 

8 These authors apparently injected human faecal cysts into the stomach of a howler monkey, 
and then studied excystation under the microscope in samples of its intestinal contents removed 
later, They call this “excystation in vivo’’, though their observations were evidently made in vitro. 
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(1928)—which, apparently, they had not read—and contains several obvious 
errors. They believe, for example, that immature (subnucleate) cysts—con- 
taining chromatoid bodies, and only 1 or 2 nuclei—are capable of hatching: 
yet it is clear, from their illustrations, that this is merely a misinterpretation 
of badly fixed material. Their figs. 18-22 (Pl. II)! depict burst cysts—not 
stages in excystation—such as are only too easily obtained by faulty technique. 
I would emphasize again here that neither in EZ. histolytica nor in E. coli—nor, 
for that matter, in any other amoeba—does excystation occur before the cysts 
are mature, or before all reserve-material (glycogen and chromatoids) has 
been completely used up. Careful study of living and well fixed and stained 
cysts will soon convince any competent observer of the truth of this state- 
ment. 

As I am unable to accept the accounts of excystation and metacystic 
development of £. histolytica given by the various workers just noted, it will 
be understood that when I now refer to these phenomena in this species I rely 
upon what I have myself seen and described (1928). With this proviso I may 
now once more compare and contrast the development of E. coli with that of 
E. histolytica. 

Anyone who has studied the whole life-histories of EZ. coli and E. histolytica 
must be struck by the close resemblance of these two species during all the 
stages of trophic amoebae, encystation, and cysts, and the great dissimilarity 
of their excystation and metacystic stages. Both species encyst as uninucleate 
amoebae, and then, by repeated binary nuclear divisions, form multinucleate 
cysts (differing in the final number of their nuclei, which are 8 and 4 respec- 
tively). From these cysts the entire protoplasmic contents escapes, on hatching, 
as a single multinucleate organism: and here the resemblance ends. The actual 
manner of escape, and the process by which the multinucleate amoeba is 
transformed into a new generation of uninucleate trophic forms is radically 
different in the two species. Each ripe cyst of EZ. histolytica gives rise to a 
4-nucleate amoeba which, by repeated cytoplasmic fissions accompanied by 
mitotic division of one of its original nuclei on each occasion, ultimately 
produces 8 young trophic amoebae. In £. coli, on the other hand, from every 
ripe cyst an amoeba emerges which may contain 8 nuclei, but which more 
often (owing to the degeneration of 1 to 4 of its nuclei before excystation) 
contains only 7, 6, 5, or 4. The hatchling then gives rise, by repeated binary 
cytoplasmic fissions unaccompanied by any nuclear divisions, to as many 
young uninucleate trophic amoebae as it originally contained nuclei (i.e., 
an 8-nucleate amoeba produces 8 uninucleates, a 5-nucleate produces 5, and 
so on). The two species have solved the problem of forming uninucleates from 
a multinucleate parent in two entirely different ways: and from a human 

1 Some of these figures are repeated—with the same interpretation—by Hegner (1932). On 
both occasions an illustration is given of a “‘mononucleate amoeba presumably excysting”’ which 
bears the mysterious caption ‘‘ Drawn from a camera lucida sketch and not from the organism.” 


I have no idea what this means: but the drawing apparently shows a bursting uninucleate cyst 
containing no chromatoids. It is certainly no normal stage of excystation in EZ. histolytica. 
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standpoint FZ. histolytica’s solution is the more elegant, and produces a better 
yield. 

Ignoring details, we may say that the main differences between E. coli 
and E. histolytica are seen in their methods of excystation (apparently corre- 
lated with a difference in the constitution of their cyst walls): in the frequent 
formation of infranucleate cysts and their progeny in £. cols (a phenomenon 
never seen in F. histolytica): and in the occurrence of repeated mitotic nuclear 
divisions during the metacystic stages of EL. histolytica (while none occur in 
E. coli). The diversities are such as to indicate something more than a specific 
difference between the two organisms: but I shall return to this point 
later. 

It will obviously occur to everyone, before basing any arguments on these 
findings, to inquire whether the metacystic development of E. coli and 
E. histolytica, as observed in vitro, really represents the normal development 
of these organisms in nature. Is it legitimate to infer that the stages observed 
in artificial cultures correspond exactly, or even approximately, with those 
which normally occur in the human body, where they cannot be observed? 
I tentatively answered this question in the affirmative for EL. histolytica some 
years ago,! and since then new evidence has accumulated to confirm my 
conclusion. I may review it very briefly here. 

Although we cannot at present observe the excystation and metacystic 
development of E. histolytica in the human body, it is possible to study these 
phenomena in experimentally infected laboratory animals. For this purpose 
the white rat has recently been used by Tanabe (1934), and he has found that 
the development in this animal is very closely parallel—probably, I think, 
identical?—with that which I observed in cultures. I regard his work, there- 
fore, as an important verification and extension of my findings. 

More recently, Swartzwelder (1937) has attempted to make similar experi- 
ments with dogs: but though he is apparently dissatisfied with my observations, 
and unconvinced that metacystic development in this host follows the lines 
of my description, he has advanced no concrete evidence in contradiction. 
Indeed, he has not yet discovered, apparently, how E. histolytica develops in 
the dog. Tanabe’s work, it should be noted, he ignores completely. 

There is an obvious objection to all work of this sort; for neither the rat 
nor the dog can at present be regarded as a normal host of E. histolytica. 
Consequently, it may be argued that it is immaterial whether the cysts be 
incubated and studied in a test-tube or in the gut of a foreign host: the 


1 Dobell (1928), p. 406. I would direct the reader’s attention particularly to what I there said, 
as it may remove misunderstandings or misconceptions. I can assure all readers—even those 
who have only just taken up the study of amoebae—that I am still fully alive to the fallacies and 
difficulties of interpretation in all work of this sort. 

2 Most of Tanabe’s figures agree in detail with my observations, though he apparently found 
no actual stages of cytoplasmic division. But he also described excystation of unripe cysts 
(containing less than 4 nuclei, and chromatoids). His figures show clearly, however, that he was 
here (like Hegner and his colleagues) misled by artifacts. His illustrations obviously depict burst 
cysts (“‘Councilmania”)—not stages in excystation. 
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development observed may be equally abnormal in both. This possibility 
must always be borne in mind; nevertheless, it seems justifiable to assume— 
until contradictory evidence is forthcoming—that the excystation and meta- 
cystic stages observable in cultures and in the intestine of the rat are exactly 
comparable with the development which normally occurs in Man. It is, to me, 
impossible to believe that these stages alone are radically different in different 
situations, while all the others—trophic amoebae, encystation, and cysts—are, 
as we now know, identical. For the whole life-cycle, apart from excystation 
and metacystic stages (which are unknown in Man), has now been shown to 
run precisely parallel in the test-tube and the human bowel. Trophic amoebae 
and cysts of E. histolytica (and E. coli) are morphologically and physiologically 
indistinguishable whether formed in vivo or in vitro. In structure and properties 
they are equally “normal”, in every way, wherever they develop. 

Recent work on several other species of Entamoeba seems to support this 
conception. Sanders (1931), for example, has studied the metacystic develop- 
ment of E. ranarum (from American frogs—no species stated) in cultures, and 
finds it “identical with that of Entamoeba histolytica.” Her conclusion is 
probably correct: but it is unfortunate that, in her brief account, she gives 
no proper description or figures of actual division-stages'\—the very stages 
which are necessary to decide the point convincingly. A fuller and more 
satisfactory description has since been given of E. aulastomi, from the gut of 
a leech (Haemopis), by Bishop (1932, 1937). This amoeba is also closely similar, 
morphologically, to E. histolytica, and its metacystic development, as seen in 
cultures, shows numerous identical stages. It is worthy of note, however, that 
Bishop found several instances of cytoplasmic fission without nuclear division. 
She figures, for example, a quadrinucleate octogen (VN NN) dividing directly 
into a trinucleate (VNN) and a uninucleate (N): a 5-nucleate (VNNNnn) 
dividing into a binucleate (Nn) and a trinucleate (N Nn): a trinucleate (Nnn) 
dividing into a uninucleate digen (N) and a binucleate digen (mn): and several 
other similar forms. Such stages have not been found hitherto in E. histolytica, 
and rather resemble those seen in £. coli: indeed, the occurrence of cytoplasmic 
fission both with and without nuclear division in £. aulastomt places this amoeba 
in a position intermediate between the two other species. 

Another species of Entamoeba closely similar in structure to E. histolytica 
has lately been studied in detail by Geiman and Ratcliffe (1936). This is 
E. invadens Rodhain, which parasitizes snakes and other reptiles. These workers 
were able to observe its metacystic development and excystation in the 
intestines of experimentally infected hosts, and also partly in vitro. Their 
findings agree so closely with mine? for E. histolytica that they even envisage 

1 Only one division is figured (Sanders, 1931; Pl. 10, fig. 24): and this is said to depict an NN 
amoeba dividing into two N daughter-individuals—a stage not normally seen in the development 
of E. histolytica. 

2 Their figures are closely comparable with mine of £. histolytica, though the important stages 
of cytoplasmic fission are not illustrated (and apparently were not seen). Of excystation they 


say that the process “even as to minute details. . .is entirely in agreement with that described by 
Dobell (1928) for Hntamoeba histolytica’ (Geiman and Ratcliffe, 1936; p. 216). 
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the possibility that “2. invadens” is really a variety of E. histolytica rather 
than a separate zoological species. 

The foregoing observations, to my mind, make it certain that the metacystic 
development of E. histolytica as seen in vitro—under properly controlled con- 
ditions—must be identical with that which occurs in vivo. The agreement is 
too close and too general to be accidental. At all events, those (if any) who 
take a contrary view have now a formidable case to answer, and as yet no 
trustworthy evidence to rely on. Although there is no similar evidence re- 
garding E. coli, it seems justifiable to conclude that the same argument holds 
good for this species also; and I therefore believe that the development which 
I have described in preceding pages cannot differ materially from that which 
normally occurs in the human body. 

Four species of Entamoeba—E. histolytica, E. ranarum, E. aulastomi, 
E. invadens—have now been studied in greater or less detail, and their 
complete life-cycles are approximately known. They appear to be almost 
exactly alike—so much so, indeed, that, apart from their very different 
habitats, some of the organisms are even difficult to separate and characterize 
specifically. There can thus be no reasonable doubt that they all belong to 
the same genus. There is another amoeba, however, which, though closely 
similar to these 4 species in its trophic and cystic stages, appears to differ from 
them conspicuously in its metacystic development. I refer to E. terrapinae,+ 
described by Sanders and Cleveland (1930). According to these authors, the 
4-nucleate cysts of this species “would be indistinguishable, in fact, from 
a small race of E. histolytica.” Moreover, excystation occurs in vitro “in the 
same manner as E. histolytica.” But the metacystic stages are entirely different ; 
for the 4-nucleate hatchling divides without any nuclear division into 2 binu- 
cleates, and each of these again divides similarly into a pair of uninucleates. 
Consequently, only 4 amoebulae—not 8, as in all the other histolytica-like 
species—are formed. (Division of a 4-nucleate (VNNWN) into a 3-nucleate 
(NNN) and a 1-nucleate (N), as described in #. aulastomi by Bishop (1937) 
and as seen in £. coli was not recorded.) This is the simplest kind of metacystic 
development hitherto discovered; but it must be confessed that the description 
is not altogether convincing. Sanders and Cleveland figure only a single 
metacystic division (their Pl. 14, fig. 14), and it is apparently the only one they 
saw—division of a 4-nucleate into 2 binucleates. This is clearly insufficient to 
prove that their interpretation is correct, and one cannot avoid the suspicion 
that more prolonged study of more abundant material might lead to different 
conclusions. 

If the statements of Sanders and Cleveland (1930) are accepted, without 
further evidence, then it must be inferred that in its metacystic development 
E. terrapinae resembles E. colt rather than E. histolytica: for in both species 
there are no nuclear divisions, and the resultant amoebulae contain cystic 


1 This species was found in “material [presumably from some part of the intestine?] from 
Chrysemys elegans, the common laboratory turtle’’, but “an amoeba identical in structure and 
life-cycle”’ was also found in Chrysemys picta by the same workers (Sanders and Cleveland, 1930). 
On many important points the published description is vague or even silent. 
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nuclei (V)—not their daughters (n). Nevertheless, E. terrapinae appears to 
hatch like E. histolytica, and no infranucleate cysts were noted. At present 
therefore this species occupies a unique position. 

Further information about £. terrapinae is obviously needed. There is also 
a crying need for information about the numerous coli-like species of Entamoeba 
with 8-nucleate cysts: and until this has been obtained it is impossible to 
draw any satisfactory taxonomic conclusions. Our present ignorance suggests 
that the genus Entamoeba, as here understood,! is not homogeneous, but 
consists of at least 2 distinct groups—those amoebae resembling E. histolytica 
in their metacystic development, and those resembling E. coli. If this be so, 
then these diverse groups are undoubtedly of generic rank: for the definition 
of genera and species must rest upon constant morphological characters 
comprised in the whole life-cycle—not upon isolated stages. 

It will therefore be necessary eventually, in all probability, to assign 
E. coli and E. histolytica to different genera—not merely to different species 
of the same genus*—for which names are already available. I hesitate to do 
this at the moment, however, because so little is yet known with certainty 
about related organisms; and I would beg all other workers to maintain the 
same conservative attitude towards these problems for the present, in order 
to avoid confusion of the ultimate issue. No harm can be done by retaining 
E. coli and E. histolytica in the genus Entamoeba for the time being, while dire 
confusion may result from well-meaning but misgyided efforts to advance 
ahead of our actual knowledge. 

Unfortunately the name Entamoeba has caused much confusion in the past, 
and this has recently been increased by the publication of Opinion 99 by the 
International Commission on Nomenclature. This judgement lays it down 
that Entamoeba is asynonym of Endamoeba Leidy, 1879, and if accepted involves 
considerable changes in nomenclature. A revision of the genus Endamoeba, 
in this sense, has lately been attempted by Morris (1936); but I am unable to 
accept his conclusions, and regard his proposals as premature. I am also unable 
to accept Opinion 99, which I regard as not merely premature but stillborn— 
a miscarriage of justice in every sense. 

It therefore seems necessary to discuss this matter in greater detail here, 
in order to justify my continued use of the name Entamoeba coli for the organism 
described in the present memoir: but as this discussion has only an indirect 
bearing upon the present researches I have relegated it to a separate appendix, 
which now follows.* 


1 See below, p. 230. 

2 I was mistaken, I now believe, when I stated in 1919 that Z. coli and ZL. histolytica are 
undoubtedly congeneric: but I was also—like everyone else at that date—misinformed, and 
ignorant of facts now newly discovered. 

3 I have written this memorandum with reluctance, in response to numerous requests and 
criticisms (mostly made in private conversation and correspondence). I am fully alive to the 
absurdity of arguing about names like Endamoeba and Entamoeba, which differ by only a single 
letter: but the roots of the problem go much deeper, and involve several questions of great 
theoretical and practical importance. 
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MEMORANDUM ON THE GENUS ENTAMOEBA 


As I pointed out in my monograph of 1919,1 the genus Entamoeba was 
introduced in 1895 by Casagrandi and Barbagallo (primarily for EZ. coli, as 
here understood) in ignorance of the fact that a similar genus Endamoeba 
had previously been proposed by Leidy in 1879 (for the large amoeba living 
in cockroaches), As the organisms for which these names were proposed 
appeared at that date (1919) to be generically different, and as Entamoeba was 
already in general use for three well-known species living in Man, I advocated 
the retention of both names—with their original significations—despite their 
close similarity. It seemed advisable to retain Entamoeba, though it differed 
by only a single letter from Endamoeba, rather than introduce or adopt new 
and unfamiliar names for familiar organisms—a course which would have been 
unavoidable if Endamoeba and Entamoeba were adjudged homonyms. I had 
to consider not only the rules of zoological nomenclature but also the con- 
venience of zoologists and the medical profession: so I took the course which 
then seemed best for both. 

Two points must be particularly emphasized at the outset of this discussion, 
as upon them my main argument rests. (1) The International Rules of Zoo- 
logical Nomenclature sanction the retention of both Endamoeba and Entamoeba, 
in the manner advocated by me. (Article 36, Recommendations.”) (2) HZ. colt 
(type species of Entamoeba Casagrandi & Barbagallo, 1895) and E. blattae 
(type of Endamoeba Leidy, 1879) are not congeneric. I believe that the known 
morphological differences between these two organisms are sufficient to prove 
that they belong to different genera:* and as far as I am aware every proto- 
zoologist with first-hand knowledge of the amoebae shares this opinion. At 
all events, in recent years several have expressed their agreement publicly, 
and not one has disputed my interpretation of the facts. This is, of course, 
a matter of tazonomy—not nomenclature: it is a matter to be decided by con- 


1 Full references to all the earlier work will be found in this publication, so I need not repeat 
them here. 

* As the French rules have priority, and are here more precise than the English, I quote the 
relevant passage: “Il est bon d’éviter l’introduction de noms génériques nouveaux qui ne différent 
de noms génériques déja employés que par la terminaison ou par de légéres variations ortho- 
graphiques pouvant préter & confusion; toutefois, s’ils sont déja introduits, on ne doit pas les rejeter 
pour ce seul motif.”’ [Italics not in the original.] I had studied the Rules carefully even before 
1919; but apparently Chatton (1912) had not when he wrote that Endamoeba was a “‘variante 
orthographique”’ of Entamoeba “qui ne peut en aucune facgon constituer un prétexte & conserver 
les deux noms simultanément.” 

3 The metacystic development of EZ. blattae was described in 1910 by Mercier, and has more 
recently been studied by Morris (1936). I find it impossible to accept either account at present, 
while Morris’s has introduced a further complication by incorporating Entamoeba thomsoni 
Lucas, 1927, in the life-cycle of EZ. blattae. (It should be noted that HZ. thomsoni has been cultivated 
separately by Smith and Barret (1928), and appears to have no connexion with E. blattae.) But 
whether Mercier or Morris, or neither of them, is right, makes no difference to the present argument. 
The known stages of development of E. coli and E. blattae are already adequate to separate them 
generically. 
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sensus of opinion among protozoological systematists of all nations—not an 
international committee on nomenclature. 

After this preamble, let us now turn to Opinion 99 rendered by the Inter- 
national Commission on Zoological Nomenclature in 1928—the cause of all 
the recent trouble. This is a most astonishing document in many ways, and 
merits more attention than it has hitherto received from protozoologists. 

The case here considered was presented by Dr W. H. Taliaferro in the 
following words (slightly abbreviated): “Should the two generic names 
Endamoeba Leidy, 1879, and Entamoeba Casagrandi & Barbagallo, 1895, both 
be retained or should they be considered homonyms?...Article 36 (recom- 
mendations) would? allow the interpretation that both should be retained.... 
Dobell (1919, “The Amoebae Living in Man”’)...advocates the retention of 
both names whereas others [no names given] consider them homonyms.” 

It will be seen that Dr Taliaferro asked a perfectly straightforward question, 
and I have no fault to find with his words—except that they did not fulfil the 
requirements originally laid down for the presentation of cases to the Com- 
mission.? But that is a small matter which apparently did not embarrass 
the Commissioners, who proceeded to argue the case as though all the facts 
were in their possession. 

The question is not only straightforward and simple, but it clearly contains 
its own answer; for Dr Taliaferro himself refers to Art. 36, which authorizes 
my action in the matter. The answer is self-evident that, under the International 
Code, I was completely justified (though my anonymous opponents were not) ; 
and that Entamoeba can be suppressed, as a homonym of Endamoeba, only by 
those who do not accept the Code—that is, by nomenclatural anarchists. 
For my own part I can only wonder why Dr Taliaferro ever asked his question 
at all, and why the Commission considered it worthy of discussion: for it must 
be assumed that both parties knew the answer—Taliaferro having quoted 
Art. 36, and the Commissioners presumably being acquainted with the 
Rules. 

Such a simple solution, however, was too much to expect, and the Com- 
missioners accordingly debated this difficult problem in their own way. At 
that date the Commission consisted—so far as I can discover—of nearly a 
score of distinguished members, though not all of them took an active part in 
the discussion: yet among them were some of the greatest experts on birds, 
butterflies, bugs, fishes, snakes, sea-urchins, worms, and many other metazoa. 
With such a galaxy of talent in so many other branches of zoology, it was 
obviously unnecessary to consult any specialist on the Protozoa in order to 
decide a matter of great moment to protozoologists alone (especially medical 
protozoologists): and of ‘course it was unnecessary for the Commissioners to 

1 More accurately, does. The wording of the recommendation admits of no doubt. It meets 
the case totidem verbis. 

? See the introduction to Opinions 1-25 (1910). Strictly speaking, the Commission had no 


right to consider this case at all; for “‘cases submitted with incomplete bibliographic references 
cannot be studied, and must be returned by the Commission to the sender.” 
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look up the literature, though this could readily have been found in the only 
work to which Dr Taliaferro made definite reference. 

Accordingly, the Commission considered whether Entamoeba and Endamoeba 
might not be arbitrary combinations of letters; whether the d and ¢ were 
inserted for the sake of euphony; whether the Greek words évrds and €vdov 
are or are not equivalent: and various other equally relevant and diverting 
questions. Instead of consulting a specialist with a good working knowledge 
of the Protozoa and the literature relating to these organisms, they consulted 
a Catholic Professor of philology: and when he showed them that the prefixes 
End- and Ent- are philologically different, they naturally concluded—as the 
reader will now perhaps be prepared to hear—that words compounded from 
them are “‘absolute synonyms”. 

It would take up too much space here to rehearse all the other misstate- 
ments and false premisses and wrong conclusions contained in Opinion 99. 
It will suffice to note that the resultant muddle was ultimately referred for 
report, seemingly in desperation, to ““a committee of one”—a man whose 
opinion on fleas commands general respect. Unfortunately, instead of con- 
sidering the question originally put, he still further altered it into “Which 
spelling of the name should be used?” And thus, misconceiving the whole 
matter at issue, finally reported that “ Hntamoeba Casagrandi & Barbagallo, 
1895. . . falls as a synonym of Endamoeba [Leidy, 1879];” and that “Entamoeba 
is philologically the same as Endamoeba.”’ Both of these statements are—quite 
apart from their total irrelevance—manifestly illogical and untrue. 

Opinion 99 is, appropriately, entitled ‘‘Endamoeba Leidy, 1879, vs. Ent- 
amoeba Casagrandi and Barbagallo, 1895.” The important word here is the 
unobtrusive contraction “vs.” (for versus); for the Commission was never 
asked to adjudicate between Endamoeba and Entamoeba as rivals, but merely 
to answer the question whether these names should be regarded as homonyms. 
(The title thus formulates an issue not contained in the original question, and 
one, therefore, on which the Commission had no authority to give judgement: 
and of course if there were ever any question of a contest between the two genera, 
Endamoeba—having priority—would always be bound to win.) Consequently, 
the summary—based on a logic of its own—states that “‘ Entamoeba 1895... 
is absolute synonym of Endamoeba Leidy, 1879.” The important word here is 
“synonym”; and it is indisputable that, by using it, the Commission went 
far beyond their terms of reference. They were never asked to say whether 
Endamoeba and Entamoeba are synonyms, but only whether they should be 
regarded as homonyms: and by their declaration they have—whether inten- 
tionally or unintentionally is not evident—pronounced judgement in a matter 
of taxonomy as well as nomenclature. For these two names can only be 

1 Apparently the Commissioners never consulted my monograph at all, though it was the 
cause of the controversy. Chatton’s papers, seemingly, were almost the only ones which they 
considered worthy of examination. And so, by ignoring nearly all the other relevant literature, 


they finally came to the amazing conclusion that blattae is the type of Entamoeba (as well as 
Endamoeba) “‘ by subsequent designation” ! 
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synonyms if the organisms called E. coli and E. blattae belong to the same 
genus, and consequently the Commissioners have—by implication—laid it 
down as law that they do. 

But of course the Nomenclature Commission has no authority to decide 
questions of taxonomy, and any opinions which it may express on classification 
or systematics have no greater weight than those expressed by any other body 
of zoologists—such as the protozoologists like myself, who take an opposite 
view on this question. I even venture to suggest that the opinion of profes- 
sional protozoologists, on a question of protozoological taxonomy, is more 
authoritative than that of any group of experts on non-protozoological branches 
of zoology. At all events, by promulgating their opinion in its present form 
the Commissioners have given judgement in a case which manifestly was, in 
every sense, beyond their competence: and since Opinion 99 itself transgresses 
the provisions of the Code, zoologists are now, unfortunately, forced to choose 
between the two. Neither legally nor logically is it possible to accept both the 
Code and the Opinion. 

Before arriving at their verdict the Commissioners heard only one side of 
the case; and it may surprise some of those who are now inclined to accept it 
to learn that they apparently consider themselves not bound to weigh all the 
evidence for and against any proposition, but only that part which is sub- 
mitted to them.! It would thus be easy—and apparently legitimate—for 
me to frame the present case in such a way that, by suppressing data vital 
for its proper consideration, and giving only those which support my argument, 
I could obtain a new Opinion which would uphold my own on the question at 
issue. I prefer, however, merely to refrain from accepting Opinion 99; and 
accordingly I shall continue to use, for the present, both the names Endamoeba 
and Entamoeba—with their proper connotations—out of respect for the 
International Code, and in order to avoid further confusion. 

In conclusion, I may note that most American authors now write Endamoeba 
colt and Endamoeba histolytica (instead of Entamoeba), and appear to think that 
they are justified in so doing by Opinion 99. How far this pronouncement 
authorizes anyone to do anything, readers of the foregoing lines can judge 
for themselves. I would only point out that acceptance of this opinion really 
makes it impossible for Z. coli and E. histolytica to be referred to the genus 
Endamoeba, unless it can be proved that both organisms belong taxonomically 
to the same genus as the original Endamoeba of the cockroach. (In my opinion 
this can never be proved, and nobody has even attempted to prove it hitherto.) 
It therefore follows that the generic name Endamoeba cannot properly be used 
in combination with the specific names coli and histolytica. Opinion 99 actually 

1 This is shown by the correspondence published with Opinion 116 (1931), where the Secretary 
of the Commission states (inter alia) that any case submitted “has to be decided on the evidence 
available. Appellants can hardly expect that the Commissioners will work up the literature for 
them.” (Woodward’s rejoinder to this is worth reading.) But the Commissioners could, of course, 


easily avoid being put into such an improper and unenviable position by simply adhering to their 
own rules for the presentation of cases, and refusing to judge any case not fully documented, 
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debars this usage, by implication, to orthodox protozoologists: it does not 
sanction it. 

Consequently, all authors who are now accustomed to write Endamoeba coli 
(instead of Entamoeba), and rely upon Opinion 99 for authorization, must 
in future select some other generic designation—neither Hndamoeba nor 
Entamoeba—from those already available. Their present practice is inde- 
fensible. All other protozoologists, however, who share my views can continue, 
for the present, to write Entamoeba coli with a clear conscience. Truth and 
Reason and even the International Code are on our side. 


SUMMARY AND CONCLUSIONS 


1. The life-history of Entamoeba coli (from a marmoset, several macaques, 
and Man), as observable in cultures, is here described and illustrated. It is 
found to be similar, in general outline, to that of EZ. histolytica, but to differ 
considerably in its excystation and metacystic stages. 

2. At excystation, the entire contents of the cyst usually escapes, as a single 
multinucleate amoeba, through a large opening in the cyst wall, which is 
composed of two layers. 

3. Normal ripe cysts frequently lose 1 to 4 of their 8 original nuclei before 
hatching, thus becoming “‘infranucleate” (i.e. containing only 4 to 7 nuclei 
instead of the “typical” 8). 

4. During the metacystic stages no nuclear divisions occur. The hatched 
amoeba eventually produces, by a series of binary cytoplasmic fissions with 
random nuclear distribution, as many uninucleate amoebulae as it originally 
contained nuclei. 

5. An originally 8-nucleate cyst may therefore produce 8 amoebulae finally 
—never more: but owing to the frequent development of infranucleate forms, 
it often produces only 7, 6, 5, or 4. 

6. Development is complicated by occasional division into two within the 
cyst before hatching, or at the moment of hatching—such divisions being 
seen in both “typical” and “infranucleate” cysts; and also by the occurrence 
of supernucleate cysts (containing more than 8 nuclei), which are often viable 
but usually develop in an infranucleate condition. Consequently, amoebae 
containing any number of nuclei from 1 to 8—or even more—may hatch from 
the cysts of this species (unlike those of any other hitherto described). 

7. The uninucleate amoebulae resulting from the metacystic divisions are 
young trophic amoebae—not gametes—and no sexual stages occur in the 
life-cycle. Division of the trophic amoebae is briefly described and figured. 

8. The life-cycle of E. coli is finally compared with that of H. histolytica 
and related species: the relevant observations of other workers are briefly 
analysed: and the taxonomic implications are noted. 

A memorandum is added on the genus Entamoeba, in an attempt to clarify 
the nomenclatural and taxonomic confusion created by Opinion 99 promul- 
gated by the International Commission on Zoological Nomenclature, This 
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leads to the conclusion that the Opinion itself is a dead letter, though the 
genus Entamoeba still lives and should therefore be retained, for the time 
being, with EZ. coli Casagrandi & Barbagallo, 1895, as its type. 
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EXPLANATION OF PLATES VII-IX 


All figures (except fig. 61) depict cultural forms of Entamoeba coli (Strain MC., from Hapale 
jacchus); and all have been drawn—unless the contrary is indicated—from permanent preparations 
fixed with sublimate-alcohol (Schaudinn’s solution) +5 per cent acetic acid, and stained with 
Mallory’s phosphotungstic-acid haematoxylin. The drawings were made under a Leitz 2 mm. 
apochromatic oil-immersion objective (N.A.=1-40) with compensating oculars and a Leitz 
aplanatic condenser (N.A.=1-40). Magnification 2000 diameters (2 mm. =1,) throughout. 

The times recorded in parentheses ( ) denote the ages of the cultures in which the specimens 
were found. Numerals in square brackets [ ] indicate the serial numbers of my permanent pre- 
parations, and are recorded merely for guidance in finding the actual objects again. 


PLATE VII 
. 1. Typical mature cyst, showing 8 nuclei and characteristic forms of chromatoids. (3 days.) 
Stained Heidenhain’s iron-haematoxylin and eosin. [1397] 

Fig. 2. Mature cyst after incubation for several hours, showing absorption of chromatoids, 
enlargement of nuclei, etc. [1472] 

Fig. 3. Later stage, with 8-nucleate amoeba loose inside the cyst. (7 hours.) [1480] 

Fig. 4. Still later stage: amoeba preparing to escape from cyst. Cyst walls attenuated and softened 
over a large area. (7 hours:) [1483] 

Fig. 5. 8-nucleate amoeba beginning to escape from cyst. The 2 cyst walls visible. (7 hours.) [1482] 

Fig. 6. 8-nucleate amoeba flowing out of its cyst. (7 hours.) [1483] 

Fig. 7. Recently hatched 8-nucleate (metacystic) amoeba, which has ingested rice-starch and 
bacteria. (74 hours.) [1472] 

Fig. 8. 7-nucleate (infranucleate) amoeba loose in its cyst and preparing to hatch. Note the 
8th nucleus (above) degenerating in a vacuole. (12 hours.) [1667] 

Fig. 9. 7-nucleate (infranucleate) amoeba escaping from cyst. (7 hours.) [1480] 

Fig. 10. 6-nucleate (infranucleate) amoeba loose in cyst and preparing to hatch. Note the 
2 degenerating nuclei lying in vacuoles. Stained iron-chlorocarmine. (4? hours.) [1403] 

Fig. 11. 6-nucleate (infranucleate) amoeba escaping from cyst. Note 2 degenerated nuclei still 
visible in vacuoles. (7 hours.) [1481] 

Fig. 12. 5-nucleate (infranucleate) amoeba loose in its cyst and trying to emerge. 3 nuclei, in 
vacuoles, are seen in successive stages (left to right) of degeneration. Note also that a pseudo- 
podium has already pierced the endocyst but not the ectocyst—the 2 walls being clearly 
visible at this spot. (13 hours.) [1670] 
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Fig. 13. 5-nucleate (infranucieate) amoeba escaping from its cyst. The 2 cyst-walls (endocyst 


Fig. 


Fig. 


Fig. 


and ectocyst) are clearly visible—also at least 1 degenerating nucleus in a vacuole. (7 hours.) 
[1483] 

14, 4-nucleate (infranucleate) amoeba free in its cyst and preparing to escape. A degenerating 
nucleus is also visible, in a vacuole. (74 hours.) [1475] 

15. A 4-nucleate (infranucleate) amoeba escaping from its cyst. Note the starch-grain and 
numerous bacteria which have already been ingested. Stained iron-chlorocarmine. (4} hours.) 
[1403] 

16. A 5-nucleate (infranucleate) amoeba, which has divided into two—a trinucleate (with 
2 degenerating other nuclei also visible) and a binucleate—before hatching. The cyst wall 
is somewhat distorted, but still intact. (74 hours.) [1473] 


Fig. 17. A 4-nucleate (infranucleate) amoeba which has divided before hatching into two— 


a uninucleate and a trinucleate. The cyst wall has broken down, and both amoebae—just 
escaping—contain ingested food. (74 hours.) [1473] 


Fig. 18. An 8-nucleate amoeba dividing into a 5-nucleate and a 3-nucleate at the moment of 


Fig. 


Fig. 
. 21. A 6-nucleate (infranucleate) amoeba dividing into a 2-nucleate and a 4-nucleate. The 
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Fig 


Fig. 


Fig. 
Fig. 
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Fig. 


Fig. 
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Fig. 
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escaping from its cyst. (7 hours.) [1482] 

19. An 8-nucleate amoeba dividing into a 7-nucleate and a 1-nucleate at the moment of 
emergence from its cyst. (7 hours.) [1482] 

20. 6-nucleate metacystic amoeba, containing food-bodies. (13 hours.) [1669] 


endocyst is ruptured, but the ectocyst still intact. A degenerating nucleus is seen in each 
daughter amoeba. (12 hours.) [1620] 


. 22. 7-nucleate metacystic amoeba, which has ingested starch-grains, etc. (7 hours.) [1480] 


23. Large 5-nucleate metacystic amoeba, containing numerous starch-grains. Fixed Bouin’s 
fluid, stained iron-chlorocarmine. (7} hours.) [1487] 


PLATE Vill 


24. Large 8-nucleate metacystic amoeba, which has ingested numerous starch-grains, etc. 
(74 hours.) [1472] 

25. A similar 8-nucleate amoeba dividing into 2 equal 4-nucleates. Stained iron-chlorocarmine. 
(9 hours.) [1556] 

26. Large 4-nucleate amoeba, with nuclei of unequal size, containing numerous starch-grains 
etc. (74 hours.) [1472] 

27. A 4-nucleate (metacystic) amoeba constricting into 2 equal 2-nucleates. The specimen 
lies obliquely, and the 2 upper nuclei are actually in the upper daughter-individual, the 
2 lower in the lower—as can be determined by careful focussing. Fixed Bouin’s fluid, stained 
iron-chlorocarmine. (74 hours.) [1487] 

28. A 4-nucleate amoeba dividing unequally into a 3-nucleate and a 1-nucleate. The clear 
polygonal areas represent spaces from which ingested starch-grains have been dissolved. 
Fixed Bouin’s fluid, stained haemalum. (6} hours.) [1415] 

29. A 2-nucleate (metacystic) amoeba at an earlier stage of division into 2 equal 1-nucleates. 
(7 hours.) [1479] 

30. Later stage of a similar division: the 2 uninucleate daughter-amoebulae almost com- 
pletely separated. (13 hours.) [1670] 

31. Large 2-nucleate amoeba dividing into 2 unequal uninucleate daughter-amoebulae. Fixed 
Bouin’s fluid. (36 hours.) [1644] 

32. Small 6-nucleate metacystic amoeba dividing into a 5-nucleate and a l-nucleate. In 
the drawing 2 overlying nuclei have been slightly displaced, to make the actual condition 
clearer. Stained iron-chlorocarmine. (43 hours.) [1403] 

33. Small 5-nucleate metacystic amoeba. Stained iron-chlorocarmine. (4} hours.) [1403] 
34. Small 5-nucleate amoeba dividing into a 4-nucleate and a l-nucleate. Fixed Bouin’s 
fluid, stained iron-chlorocarmine. (74 hours.) [1487] 

35. Small 4-nucleate metacystic amoeba. (7 hours.) [1481] 

36. Small 4-nucleate amoeba dividing into a 3-nucleate and a l-nucleate. (7 hours.) [1480] 
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Fig. 37. Small 3-nucleate metacystic amoeba. (7 hours.) [1481] 

Fig. 38. Large 3-nucleate undergoing unequal division into a 2-nucleate and a l-nucleate. Fixed 
Bouin’s fluid. (36 hours.) [1644] 

Fig. 39. Very small 3-nucleate metacystic amoeba. (7 hours.) [1480] 

Fig. 40. Large 6-nucleate metacystic amoeba dividing into 2 nearly equal 3-nucleates. (13 hours.) 
[1670] 

Fig. 41. Large 3-nucleate amoeba. Cf. figs. 37 and 39. (7$ hours.) [1472] 

Fig. 42. Large 2-nucleate metacystic amoeba. Fixed Bouin’s fluid, stained iron-chlorocarmine. 
(74 hours.) [1487] 

Fig. 43. Very small 2-nucleate amoeba. (7 hours.) [1481] 

Fig. 44. Small 1-nucleate amoebula. Stained Heidenhain’s iron-haematoxylin. (6 hours.) [1404] 

Fig. 45. Very small l-nucleate amoebula. (12 hours.) [1667] 

Fig. 46. Larger l-nucleate amoebula, containing 2 ingested starch-grains. (7 hours.) [1480] 

Fig. 47. Full-grown 1l-nucleate metacystic amoeba. Stained iron-chlorocarmine. (24 hours.) 
[1410] 

Figs. 48-53. Successive stages in division—with typical mitosis—of 1-nucleate trophic amoebae 
(first-generations, derived by growth from amoebulae). Figs. 48, 49, 51 stained iron-chloro- 
carmine: 50, 52, 53, 54 fixed Bouin’s fluid. (24 and 36 hours.) [1410, 1644] 

Fig. 54. Daughter-amoeba (first trophic generation) with reconstructed nucleus. Fixed Bouin’s 
fluid. (36 hours.) [1644] 


PLATE IX 


Fig. 55. Supernucleate (originally 16-nucleate) cyst preparing to hatch, in an infranucleate 
(14-nucleate) state. The contained amoeba is already loose in its cyst, and the 2 degenerating 
nuclei are visible in vacuoles. Stained iron-chlorocarmine. (4} hours.) [1402] 

Fig. 56. Supernucleate cyst liberating a 10-nucleate amoeba. Note unequal sizes of the nuclei, 
and the 2 cyst walls. (7 hours.) [1482] 

Fig. 57. Metacystic amoeba (from a supernucleate cyst) containing 11 nuclei and numerous 
food-inclusions (starch-grains and bacteria). Stained Heidenhain’s iron-haematoxylin. 
(6 hours.) [1404] 

Fig. 58. Large metacystic amoeba (from a supernucleate cyst) with 9 nuclei. (74 hours.) [1474] 

Fig. 59. Tripartition of a large 4-nucleate metacystic amoeba into 2 uninucleates and a binucleate— 
of unequal size, and with unequal nuclei. Stained iron-chlorocarmine. (24 hours.) [1410] 

Fig. 60. Trophic amoeba from a culture to which human red blood-corpuscles have been added. 
Ingested corpuscles (12) are visible in various stages of digestion. Stained haemalum and 
erythrosin. [1705] 

Fig. 61. Typical trophic amoeba from stool of man experimentally infected with Strain MC. 
(after passage through M. sinicus). Fixed Bouin’s fluid. [1617] 
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DR O. UPLAVICI (1887-1938) 


By CLIFFORD DOBELL, F.R.S. 
National Institute for Medical Research, London, N.W. 3 


To students of the literature dealing with amoebic dysentery the name of 
O. Uplavici is probably not unfamiliar: but few authors are aware, apparently, 
of his singular story, so the following lines recording his life and death may 
therefore be acceptable to readers of Parasitology. 

That his life was singular there can be no doubt: it is probably unique in the 
history of science. For Dr Uplavici, though a pure Czech, had a Greek father 
and a German mother. He was born in 1887, published his only paper in the 
same year, obtained his doctor’s degree later in the United States, and now 
—after a chequered career in many countries—breathes his last, as I write, in 
England. 

I first became personally acquainted with Dr Uplavici when I was writing 
my monograph on The Amoebae Living in Man (1919) about 20 years ago. Before 
then I knew of his doings only by hearsay. I tried, at the time, to assign him 
to his proper place in my bibliography, but was prevented by the inaccessibility 
of his writings, my own ignorance of the Bohemian language, and typographical 
difficulties—my printers being unable to cope adequately with the Czech 
alphabet. Unfortunately my words—admittedly incomplete and unsatis- 
factory—have since been misunderstood and wrongly copied or interpreted by 
others, so I shall now attempt to set matters right. The true story is as follows: 

In Casopis lékatiw éeskych [=Journal of the Czech Physicians] of Prague, 
Annual vol. 26, No. 5, 29 January 1887, a paper was published by the late 
Dr Jaroslav Hlava. In this he recorded inter alia that he had discovered 
amoebae in the stools and intestinal ulcers of patients suffering from dysentery. 
The discovery was not new, as similar observations had been made previously 
by Lésch, Koch, Kartulis, and others. But Hlava also reported that he had 
succeeded in causing dysentery in cats by intrarectal inoculation of dysenteric 
stools—presumably containing amoebae, though this is not clearly stated— 
from human beings. (He obtained 4 positive results out of 6 attempts.) It 
thus appears probable that these were the first experiments in which Entamoeba 
histolytica was transmitted from man to the cat: and as cats, or kittens, have 
since been used extensively for the experimental study of amoebic dysentery, 
Hlava’s original observations have a definite historic interest and importance. 

Jaroslav Hlava (1855-1924) was, among other things, Professor of Patho- 
logical Anatomy at Prague. He was a distinguished man, and for many years 
the doyen of the Czech medical profession. His career is briefly chronicled in 

16-2 
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obituary notices which appeared in 1924 in the Bull. Acad. Méd. (3 sér. 92, 
1200) and J. Amer. Med. Ass. (83, 2033). At all events, his name is not unknown, 
and his achievements inspire respect. 

I have hitherto been unable to find any volumes of the Journal of the Czech 
Physicians (Prague) in London or elsewhere, and the World List of Scientific 
Periodicals shows no location in any library in Britain. But after long and 
fruitless search for Hlava’s original paper I finally obtained (in 1924) a complete 
typewritten copy from Dr J. Drbohlav (Prague); while another Czech friend, 
Dr F. Simer (Bratislava), afterwards very kindly translated the whole of it 
into English for me. To both of these colleagues I am deeply indebted for this 
indispensable help in composing the present little biography. 

Hlava’s paper of 1887 was written wholly in the Czech (Bohemian) language 
and was entitled “O tplavici. PiedbéZné sdéleni’” [=On dysentery. Pre- 
liminary communication]. So far as I have been able to ascertain, no translation 
or further communication in any language was ever published; and the original 
note is known to most workers solely through a brief review signed by the late 
Dr 8. Kartulis of Alexandria. This review, or abstract, was published in 
German in the Centralblatt fiir Bacteriologie und Parasitenkunde (as it was then 
entitled), vol. 1, p. 537; 1887. But by some extraordinary mistake the author’s 
name (Hlava) was there entirely omitted, and the title of his paper (O uplavici 
= On dysentery) was given in its place as “ Uplavici, O.”’ In this strange manner 
a new worker, QO. Uplavici of Prague, made his first appearance in the literature 
of amoebic dysentery. 

Kartulis’s abstract of Hlava’s paper certainly deserves to be called “strange”. 
It appears under the author’s name of “ Uplavici, 0.”, and the name of Hlava 
—its real author— is never mentioned throughout. Indeed, Kartulis refers to 
him personally as “ Uplavici”, and even speaks of his own correspondence with 
a man of this peculiar name. It seems curious that anyone, sufficiently 
acquainted with the Czech language to be able to review a paper written in it, 
could confuse the author with the title of his work: and the position becomes 
still more remarkable when one examines the indexes of the Centralblatt 
(vol. 1). In the contents to the number (No. 18) in which Hlava’s paper is 
abstracted, his name is given again as “Uplavici, 0.” (p. 552): but in the 
subject-index to the volume (p. 775) it appears as ““Hlava, Uplavici”, while 
in the author-index at the end (p. 784) “ Hlava” is the only entry —“ Uplavici” 
vanishing completely, without any explanation. 

This situation has naturally led to much confusion in the literature of 
amoebiasis, and to the attribution of Hlava’s “Preliminary communication” 
to various authors. It is sometimes correctly referred to Hlava himself (though 
without initial or other qualification): to ““O. Hlava” (instead of J. Hlava): 
to “Hlava, Uplavici” (as though Uplavici were Hlava’s forename); and to 
“QO. Hlava (O. Uplavici)”, as though the two names were synonyms. In a 
recent paper both Hlava and Uplavici are mentioned—as two different workers 
who studied dysentery in cats in early days. For these and similar errors there 
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is good excuse; so it would be unfair, perhaps, to cite particular authors in 
illustration of mistakes which have been committed somewhat generally. 

I must mention specifically, however, the well-known Index-Catalogue of 
Medical and Veterinary Zoology compiled by Stiles and Hassall (Washington), 
for it was here that Uplavici received his degree. In this publication Hlava’s 
paper is first indexed—though the single entry is incomplete—under his proper 
name (but with the wrong initial “O.”, presumably borrowed from Uplavici) 
in Part 10 (1905). But in Part 31 (1910) the same paper (5 entries) is also 
assigned—without any explanation—to “Uplavici, O.”, and the name is 
followed by the further information “Dr.” [in square brackets]. Where and 
how the authors of the Index-Catalogue learnt of his medical qualification are 
riddles to which I have no clue. 

For fifty years the mysterious “Dr O. Uplavici” has now haunted re- 
spectable books and periodicals—in Europe, America, and even the Far 
East—in a most disconcerting and undesirable manner, and it thus seems high 
time that his ghost should be laid once and for all. I therefore hope that all 
future writers on amoebae and amoebic dysentery will eliminate his name 
finally from their bibliographies, and bear in mind that he never had any real 
existence. Jaroslav Hlava’s paper of 1887 was written by himself, and “O 
iplavici” [= On dysentery] was its title: and there can surely be no justification 
for allowing the title—even with appropriate alteration in order to personify 
it—to usurp the authorship. As I announced at the beginning, “Dr O. 
Uplavici” is dead; and I can only add fervently “requiescat in pace”. 
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CYTGHCETES MICROTI, N.G., N.SP., A PARASITE 
DEVELOPING IN GRANULOCYTES AND INFECTIVE 
FOR SMALL RODENTS 


By ERNEST E. TYZZER 
Medical School of Harvard University, Boston, Mass. 


(With Plates X and XI, containing Figs. 1-50) 


A MICRO-ORGANISM of unusual type, henceforth designated Cytacetes microti, 
was discovered by the author in the blood of field voles (Microtus pennsylvanicus) 
which had been inoculated with a suspension in saline of pooled, mortar- 
ground liver and splenic tissue of a number of voles of the same species and of 
one white-footed or deer mouse (Peromyscus leucopus). This organism occurred 
in various forms, notably as minute cytoplasmic inclusions, delicate rings and 
multiplication masses composed of small, more or less rounded elements, and 
were confined chiefly to cells of the granulocyte series, polymorphonuclear 
leucocytes and eosinophiles being parasitized with great frequency. It was 
soon found that the infection could be transmitted to normal laboratory-reared 
voles and to other small rodents by intraperitoneal injection of'a small amount 
of the blood of an infected animal. 

The present paper deals with the morphology of the organism as found in 
the leucocytes of susceptible animals, tests of susceptibility of various species 
of animals to infection, the effects of splenectomy on this and associated blood 
parasites and offers tentative views concerning its development and classi- 
fication. 


MATERIAL AND METHODS 


A supply of trapped voles, their laboratory-reared offspring, and a number 
of the local species of white-footed mouse (P. leucopus) became available in the 
course of the tick-eradication project which was carried on under the direction 
of Dr Marshall Hertig on the island of Martha’s Vineyard during the summer of 
1936. There being a case of kala azar of Mediterranean origin in a neighbouring 
hospital, Dr Hertig took the opportunity of testing the susceptibility of these 
two species of rodents to leishmaniasis by the direct inoculation of human 
material shown by culture to contain organisms. Since this failed to produce 
gross lesions or microscopically demonstrable infection, and since he was to 
be away from the laboratory for a period of several months, he ground portions 
of the spleen and liver of six inoculated voles and of one inoculated white- 
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footed mouse and a suspension of these pooled tissues in saline was employed 
to inoculate a second series of four voles. Both the inoculated and stock animals 
were then placed at the disposal of the author. 

Two of the four inoculated voles died within a period of 5 days, and although 
there was considerable post-mortem change, babesia was noted in the blood of 
one. A third, dying under chloroform anaesthesia 7 days after inoculation, 
presented in its blood an organism infecting a large proportion of the poly- 
morphonuclear and eosinophile leucocytes, and also large numbers of an 
eperythrozoon-like organism and small numbers of babesia. In stained films of 
the spleen a large proportion of the numerous granulocytes present were found 
to be parasitized. In the blood of the survivor there were found within a 
fortnight after inoculation, the leucocyte-inhabiting organism, babesia, 
grahamella in a small proportion of the red cells, and small numbers of 
eperythrozoa. It seems probable that the inoculation of voles with the pooled 
splenic and liver tissue already referred to, had served to bring out various 
micro-organisms not demonstrable in the Giemsa stained preparations which 
had been made of the blood of each of the donors. 

The inoculation of common laboratory mice with the blood of the surviving 
infected vole resulted not only in the transfer of the leucocyte parasite, namely 
Cytacetes, but at the same time served to eliminate the babesia and the 
grahamella infection. The blood of many of the mice inoculated thereafter 
showed an eperythrozoon, and while it was supposed for a time that this 
organism was derived from the vole, the splenectomy of uninoculated control 
mice proved that the stock mice employed—Little’s dilute brown—harboured 
this type of organism. On comparison of the eperythrozoon of the vole with 
that of the mouse, morphological differences were revealed. Both the white 
rat and the local species of white-footed mouse proved susceptible to infection 
with Cytacetes and, since they were apparently not susceptible to the epery- 
throzoon infection of the vole or that of the mouse, were utilized in isolating 
the former organism from associated blood parasites. The white rats included 
not only some with latent bartonella infection, as shown by splenectomy, but 
also bartonella-free stock. The isolation of Cytecetes from all associated blood 
parasites was thus readily accomplished in these experiments by successive 
transfers to other species of host. 

A series of splenectomies were performed not only to test each species 
inoculated for the occurrence in latent form of any type of infection that this 
procedure would make manifest, but also to determine the effect of splenectomy 
on the leucocyte infection. 

From the nature of the inoculation which presumably gave rise to the 
infection first observed, the host of origin of the organism to be described was 
for a time uncertain. A survey of a small series of trapped voles and several 
white-footed mice was therefore made. Each animal was splenectomized and 
a suspension of its spleen injected into a common mouse and in some instances 
into a laboratory-reared vole as well, previous examination having shown the 
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latter to be free of blood parasites. By this procedure several natural Cytacetes 
infections were demonstrated in trapped voles. 

Routine transfers of the infection have been accomplished by the intra- 
peritoneal injection of a suspension in citrated saline solution of a small amount 
of blood of an infected animal. Mice and rats received 0-5 or 1 c.c., guinea pigs 
and rabbits 1-5 or 2 c.c. of diluted blood, and a kitten was inoculated with 5 c.c. 
of a heavy suspension. One young rabbit was injected intravenously with a 
suspension of blood of an infected animal. In several instances, a suspension 
of spleen or of a mixture of spleen and bone marrow was employed to inoculate 
voles, rats and mice. Three 6 weeks’ old chickens were inoculated, two intra- 
peritoneally with 1 c.c. of a suspension of infective blood in citrated saline, and 
one intravenously with 1 c.c. and also intraperitoneally with 5 c.c. of the same 
material. 

The following description is based on the study of dried, alcohol-fixed, 
Giemsa-stained films of blood, spleen, bone marrow, liver, kidney, lung and 
adrenal, supplemented by the examination of paraffin sections of various 
organs and tissues stained by the eosin-methylene blue method of Mallory and 
by Heidenhain’s iron haematoxylin. While the dry-film method produces 
certain artifacts, it has been found especially useful in the study of the minute 
organism to be described, the latter being brought out most distinctly in 
flattened or ruptured cells. Rather deeply stained preparations have certain 
advantages, since the organism has no pronounced affinity for stains. Over- 
night staining in dilute solutions is preferable to brief staining in concentrated 
solutions, for the latter tends to accentuate the leucocyte granules which then 
more or less obscure the organism. Search for the organism in the blood is 
facilitated by examining that end of the stained film at which the leucocytes 
are concentrated. In preparing the films, a small drop of blood placed upon a 
clean slide is allowed to spread along the edge of the end of a second slanted 
slide, and then swept with a leisurely stroke lengthwise of the first slide. In 
films prepared in this way most of the leucocytes are drawn to the end of the 
film, many are greatly flattened and some are ruptured. In such flattened or 
ruptured cells even the most minute inclusions are readily distinguishable from 
the granules of the cytoplasm. Stained sections have proved disappointing, 
and the indications of the organisms in the leucocyte are so slight that they 
can be identified only on the basis of the knowledge of their presence gained 
through the study of stained films. Even with the most intense staining by the 
Heidenhain haematoxylin method after Zenker fixation they are barely 
distinguishable. In sections stained by the eosin and methylene blue method 
of Mallory, they are more readily found and appear as faintly stained bluish 
inclusions within the leucocytes. 

Since the leucocyte-inhabiting parasite does not appear to be sufficiently 
closely related to any previously described organism to be included in any 
established genus, the genus Cytacetes—xuros cell, oixnrys dweller—is pro- 
posed with the specific name microti to denote the host of origin. 
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Cytcecetes microti n.g., n.sp. 


Occurrence. This organism occurs, following inoculation, in the various 
types of granular leucocytes of those rodents for which it has been found 
infective. In heavy infections a large proportion of the polymorphonuclear 
neutrophiles and eosinophiles are parasitized. It has been noted less frequently 
in basophiles in which the intensely stained granules ordinarily tend to obscure 
all cytoplasmic inclusions. On one occasion 83% of the granulocytes of an 
infected rat were found to be invaded, and a desert species of Peromyscus, 
P. eremicus, showed organisms in over 90% of the granulocytes at the height 
of its infection when about 20% of the lymphocytes were also parasitized. 
With the exception of the latter animal and of a white rat, in a blood film of 
which a single infected lymphocyte was seen, Cytacetes has been found only in 
the various types of granulocytes. In stained films of bone marrow, it is rarely 
found in immature granulocytes, but those showing the nuclear lobulation of 
the adult cell are frequently parasitized. 

Interpretations. Cytecetes occurs in a great variety of forms, but the details 
of development and multiplication are difficult to determine, hence the present 
interpretations in regard to these points are offered as tentative ones which 
may require future revision. Attention is called, however, to the fact that our 
reasoning is based on several assumptions, namely, that in normal development 
at least, the small forms grow into the large, that the simple give rise to the 
complex and that multiplication is taking place. 

In the study of this organism in stained films, it soon becomes apparent that 
there are two types of development: one in which there is no vesiculation of the 
organism at any stage, the various forms appearing as simple inclusions in the 
cytoplasm of the granulocyte; another in which the organisms become vesicular 
while quite small and present a ring-like appearance which is maintained even 
after successive divisions have taken place. There are, however, forms with 
slight tendencies to ring formation, which appear to lie in an intermediate 
position. The term “ring form”’ is applied not only to simple vesiculate organ- 
isms before division but also to groups resulting from division, in which the 
component elements are so arranged around a vesicle as to present a ring-like 
appearance. While certain types of this parasite stain more intensely than 
others, its various forms are coloured for the most part a dull blue or purplish 
by the Giemsa stain. By slight variation in procedure, it is possible to turn 
the coloration toward the blue or toward the red. 

Non-vesiculate series. The smallest forms that are found singly or distributed 
in numbers in the cytoplasm of the granulocyte are of rounded or slightly 
irregular form, and from their coloration are readily distinguished from the 
cytoplasmic granules. By dark-field illumination, they appear as dark areas 
among the luminous cytoplasmic granules of the leucocyte. As they increase 
in size they appear as inclusions of inconstant shape (Figs. 7, 29), frequently 
showing concentrations of stain at certain portions of the periphery (Figs. 8, 
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30), and later as rather dense masses showing regularly spaced deeply staining 
points (Figs. lla, 31, 32, 33). The appearance of such forms in flattened 
leucocytes, or squeezed out of the cytoplasm in thin portions of the film and 
stained with varying degrees of intensity, is very suggestive of a type of multiple 
fission. On the other hand, forms of this type presenting numerous deeply 
stained granules might be interpreted as masses of closely packed organisms, 
possibly derived from successive binary fissions. Study by dark-field illumina- 
tion, however, shows quite clearly that such forms have not yet divided. At 
this stage of development they appear as rounded bodies, only faintly luminous 
as compared with the cytoplasmic granules of the leucocyte, and showing at 
regular intervals sharply defined black dots which are believed to correspond 
with the deeply stained granules of such forms in Giemsa preparations. One 
gets the impression of a matrix in which there are evenly spaced granules 
rather than of an aggregation of distinctive elements. In still smaller forms 
observed in dark-field illumination, there are fewer dark dots which often 
show irregularity in regard to size, outline and distribution. While the deeply 
stained and regularly spaced granules of the young forms of the developmental 
series are often suggestive of nuclei, on account of their lack of definition or 
differential staining, and their failure to appear in many forms, the presence of 
organized nuclear structure in this organism appears doubtful. Even minute 
forms present multiple concentrations of stain at various points in the proto- 
plasmic mass. 

From the present study it thus appears quite certain that the growing 
non-vesiculate organism may break directly into an indeterminate number of 
smaller bodies, but that this represents only the beginning of multiplication 
which may continue often by binary fission until a large rounded mass of small 
elements are formed. The process of multiplication under consideration, being 
to a certain degree continuous rather than strictly cyclic, does not conform 
with the process of schizogony of general occurrence in sporozoa. When large 
multiplication masses are viewed by dark-field illumination, they appear as 
collections of small distinct elements each with a dark interior and distinct 
bright outline. Thus while difficulties are encountered in the interpretation of 
the division process—and there is much to indicate that it is subject to wide 
variation—it is reasonably certain that the large collections of small elements 
represent the products of a continuous process of multiplication rather than 
one of true schizogony. 

The elements resulting from division show wide variation in character. 
There are relatively coarse elements, some spindle-shaped with sharp points 
(Fig. 6), others angular (Fig. 9) and some more or less rod-like or irregular. The 
probable growth, in situ, of the early products of division is indicated in such 
forms as are illustrated in Figs. 38, 39, 40, 41. These are frequently angular in 
outline, some being obviously pyramidal in shape, and they frequently show 
concentrations of stain in projecting portions suggestive of further multiple 
division. On the other hand, multiplication masses very frequently show 
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elongated and paired coccoid forms which seem quite characteristic of binary 
division of ‘the type seen in typical bacteria (Fig. 50). The ultimate elements 
occurring in collections resulting from multiplication have generally a more or 
less coccoid appearance. These are minute (Figs. 11), 36, 45, 50) and have more 
even contours than the coarser products of early division already described 
(Fig. 9 above to right, and Figs. 38-42 inclusive). There is, however, considerable 
variation even in those elements which appear to represent the late stages of 
multiplication. Thus, elements in a single multiplication mass may be of the 
nature of coccoids, rods and elongated, pointed or irregularly angular forms. 
Even in contiguous cells the coccoid forms may show either a rather well- 
defined contour and faintly stained interior (Fig. 47, left) or an indefinite 
contour and deeply stained interior (Fig. 47, right). Under certain conditions 
the coccoids may present a ring-like appearance (Fig. 46) or show very delicate 
staining (Fig. 50). The number of elements found in a single multiplication mass 
varies from as few as ten to as many as forty. The collections of coarse angular 
bodies are usually comprised of fewer elements than is the case in the collections 
of minute coccoids, but in each the number of individual bodies is variable. 

Vesiculate series, “ring forms”. Many of the very small organisms found in 
the cytoplasm of the granular leucocytes present a pale central portion and 
deeply staining periphery. With increase in size, such forms present a distinctly 
ring-like appearance. There is often concentration of stain at the opposite 
poles of the smaller rings, and even minute rings may present a beaded peri- 
phery from the occurrence at intervals in the latter of multiple deeply stained 
points or thickenings. On the other hand, rings of considerable size may be 
encountered which show little or no unevenness in staining. Ring forms are 
occasionally visible in living leucocytes observed under ordinary lighting, when 
they appear as delicate beaded rings. The small ring form is interpreted as 
consisting of a thin layer of protoplasm within which is enclosed a vesicle filled 
with faintly staining material, possibly a fluid. As the “rings” increase in size, 
the line of contact with the cytoplasm of the host cell stains intensely and in 
some instances coloured a distinct dull Prussian blue, in others purplish 
(Figs. 13, 14, 19, 28). A similar effect is encountered in the nuclei of normal 
tissue cells in portions of Giemsa-stained films, such nuclei often appearing 
ring-like from the deposit of stain at the border of the nucleus. 

The peripheral line of the growing ring form may appear to be segmented 
into a variable number of deeply stained arcs which may in some instances 
appear square-ended (Fig. 23). The lune-shaped elements of such segmenting 
forms apparently stain more intensely when the latter are turned so as to afford 
a polar view, but why they sometimes should present rectangular borders is 
not clear. The peripheral layer in ring forms containing coccoid elements 
(Fig. 23) is often suggestive of a specially developed hull or envelope, but a 
large proportion of the ring forms show unmistakable evidence of the subdivision 
of the entire outer protoplasmic layer into scale-like segments which are seen 
extending inward over the vesicle from the periphery. A sharp line of intense 
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staining is often seen on the outer border of elements resulting from division 
(Fig. 24). In rings situated near the surface of the leucocyte, an outer segment 
often stains intensely while the remainder of the ring may be rather faint 
indicating incomplete penetration of the dye. Ring forms crushed out of the 
leucocytes in the process of making films tend to retain their structural entity, 
whereas non-vesiculate multiplication masses are quite generally broken up. 
It is noted that ring forms are stain-resistant but, once the stain has penetrated, 
tend to resist decoloration. While that portion of the segment seen in profile 
at the periphery is stained intensely and more or less bluish, that which appears 
to extend inward over the vesicle as viewed in the microscope is more delicately 
stained and pinkish (Fig. 22). The rings may appear to be equipped with sharp 
centrally directed teeth (Figs. 18, 19), but this appearance is due to the regular 
arrangement of the pointed segments and the orientation of the ring form, the 
latter being so turned as to be viewed from one of its poles. 

Concerning the mode of division of the protoplasm of the ring form, the 
evidence available indicates repeated binary rather than multiple division. 
Ring forms occur showing two, four, eight or more numerous elements derived 
from division. Increase in the number of division products appears to be 
correlated with increase in the size of the multiplication mass. In the cleavage 
of the ring forms, there is a sharp single cleft dividing the smaller organisms 
into two (Fig. 17) or the cleft may have a cruciform aspect following the second 
division into four elements (Fig. 18), and with further cleavage eight are formed 
(Fig. 19). The sharpness of the clefts, being suggestive of actual fracture of the 
substance in the interior of the ring forms, has raised some question as to the 
nature of the cleavage. It is also to be noted that small rings presenting quite 
a number of deeply staining granules may show cleavage into two segments. 
In many small ring forms the two portions resulting from the first cleavage 
appear to be of unequal size (Fig. 17), but this is quite certainly due to their 
being turned so that the cleft is to one side. While the effects of the technical 
process involved in the preparation of the stained films are given due weight, 
it seems reasonable to believe that the appearances under consideration reflect 
fairly well the nature of the underlying process of division. The cleavage of the 
protoplasmic layer of the ring form results in thin scale-like elements of various 
shapes but often elongated. It was thought that tooth-like segments such as 
are shown in Fig. 19 represent only the halves of bipointed, lunate elements 
similar to the segments of the rind of an orange which has been meridionally 
sectioned. While this is probably so in a large proportion of cases, some of the 
bodies liberated from ring forms that have been crushed are typically wedge- 
shaped. 

Elongated bodies with deeply stained ends within large ring forms furnish 
rather convincing evidence of a continuance of binary division (Fig. 26). Still 
more attenuated or rod-like elements (Figs. 27, 34) seen free in the cytoplasm 
of the leucocyte are possibly comparable to these. However, slender elongated 
forms with pointed ends that are not intensely stained have been noted. Some 

















ERNEST E. TYZZER 249 


ring forms that have not undergone cleavage show deeply stained concentra- 
tions in the peripheral layer of protoplasm indicating subdivision without the 
formation of a sharp cleft. In such organisms delicate filaments may extend 
across the ring connecting opposed granules so as to furnish a rosette (Fig. 20) 
or a lattice-like appearance (Fig. 21). 

In the course of continued division which evidently takes place in the ring 
forms, the elements come to lie within the vesicle, a collection of a large number 
eventually being formed. The division forms of this series differ from those of 
the non-vesiculate series in the following respects, in the presence of a vesicle 
which produces a ring-like appearance, in that early division is binary in 
character, in that its products are scale-like and tend to be separated one from 
the other, while in the non-vesiculate series compact masses are seen with 
indications of the division of a parent organism into an indeterminate number 
of more or less rounded elements. It has not been found possible thus far to 
differentiate between the end products of division in the two types of organism. 

Discussion of dimorphism in development. The significance of these two 
rather distinct developmental series is not at present understood. The hypo- 
theses have been entertained that ring formation represents an abnormality of 
development or, in a certain proportion of cases, a degeneration. The proportion 
of rings and non-vesicular forms evidently varies at different stages of the 
infection, but further study is requisite for more definite information. Hollow 
rings without clear indication of a multiplicative process are far more frequent 
in the neutrophile leucocytes than in the eosinophiles. Nevertheless, non- 
vesiculate forms and collections of coccoid bodies are often found associated 
with numbers of rings in the cytoplasm of cells of the former type. Thus, if it 
is assumed that the ring form results from a special reaction of the host cell 
and parasite, it is then necessary to postulate marked differences in both 
individual cells and individual parasites. We are not at present in a position to 
state to what extent the great polymorphism of Cytacetes is intrinsic and 
representative of essential developmental stages, or to what extent it is an 
index of local reaction between host cell and parasite. The impression is gained 
that the eosinophile leucocyte furnishes conditions more favourable to the 
development of this organism than the neutrophile, but it is possible that this 
is due to the fact that it acquires fewer infective forms and is less crowded with 
developing organisms. Basophile leucocytes are frequently infected, and in 
Peromyscus eremicus at the height of the infection the organism was found 
developing in the lymphocytes as well as in the granulocytes. 

The forms selected for the accompanying illustrations indicate the great 
polymorphism of this organism, and those shown in the coloured plate, being 
drawn to scale, furnish relative dimensions. Coccoid forms vary from minute 
intensely staining organisms measuring from 0-3 to 0-4 (Figs. 36, 44) to the 
coarse hazily outlined ones shown in Fig. 41, which attain a diameter of 0-8 y. 
Even in crushed cells or when freed from the leucocyte the bodies representing 
the products of multiplication vary greatly even when side by side in the same 
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film, and so presumably observed under similar conditions. Multiplication 
masses commonly attain a diameter of 4 or 5y as measured in dried films, but 
occasional examples measure over 7 p. 

Effects of Cytecetes infection. In regard to the effect of Cytacetes on the cell 
invaded, it is frequently observed that the nucleus is indented by multiplica- 
tion forms. In the films of spleen of the infected vole, parasitized eosinophiles 
are also encountered, which appear dead and disintegrating (Fig. 48). In some 
instances the cytoplasm is largely replaced by coccoid bodies. It is possible that 
the infection is built up by the ingestion by normal leucocytes of organisms 
liberated from disintegrating ones. However, their occurrence on occasion in 
a considerable proportion of the lymphocytes, a type of cell peculiar for its lack 
of phagocytic properties, is to be noted. No recognizable organism has been 
found in a large series of blood films in any cells other than the granular 
leucocytes and rarely the lymphocytes, although evidence of the phagocytosis 
of cell detritus has been encountered on occasion in the monocytes of the blood. 
The cytoplasm of these and of cells of the lymphocyte series frequently show 
vacuoles which, however, are readily distinguished from the ring forms of the 
organism. From the distribution of various forms of Cyta@cetes within the 
granulocyte, there is considerable indication that the elements resulting from 
early division may become scattered in the cytoplasm. Thus groups of organisms 
are encountered trailing away from what is obviously a broken ring or multi- 
plication mass. Often from twenty to thirty small shapeless forms of about the 
same size and distributed rather evenly may occur in the cytoplasm of a single 
leucocyte. Doubtless the mobility of the leucocyte has something to do with 
the distribution of the organisms in its cytoplasm. Such appearances indicate 
that small elements derived from the multiplication masses may become 
disseminated in the cytoplasm of the same leucocyte and then continue to 
develop and multiply in situ. As observed in dark-field preparations, even 
the large multiplication masses move about in the cytoplasm and on occasion 
rotate rather quickly, but all such movement appears to be passive and to 
result either from natural cytoplasmic flow or, in flattened cells, from pressure. 

Only casual observations have been made on the effects of Cytacetes on the 
various hosts for which it is infective. The inoculation of partially grown 
laboratory-reared voles has had no appreciable effect on their general health. 
They have shown normal growth, remain sleek and fat and have borne young. 
Within a week after inoculation the spleen shows large numbers of granu- 
locytes, and these cells also occur in considerable numbers in the adrenals and 
lymph nodes, these organs being normally almost free from such cells. In 
stained films of various organs, those of the spleen show great numbers of 
infected cells and such are found in smaller numbers in the liver, lung, kidney 
and adrenal. Inoculated common, tame mice, many of which have been 
splenectomized, have not remained in as good condition as the voles, but all 
survived for several months and young have been born of inoculated parents. 
One of several such mice more than a year old when inoculated, showed prior 
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to death a severe anaemia, another general anasarca, but in neither of these was 
Cytacetes microscopically demonstrable for some time prior to death. Most of 
these mice have shown also eperythrozoon infection. In stained films of bone 
marrow of inoculated mice Cyta@cetes was found in only a small proportion of 
the granulocytes, these being almost invariably fully differentiated cells. The 
spleen of the infected mouse presents relatively few granulocytes as compared 
with that of the infected vole. In smears of mouse liver there is no great 
excess of granulocytes but a large proportion (50%) of those present may be 
parasitized. All rats inoculated have remained sleek and have continued to 
grow normally. Young have been born of inoculated white-footed mice and 
reared, in one case the male parent having been splenectomized. 

No special study of blood changes has been undertaken, but from the 
inspection of films made at frequent intervals in order to follow the develop- 
ment of Cytacetes throughout the course of infection, it seems probable that 
changes occur in the relative proportion of the various types of leucocytes, the 
impression being that there is an early increase in the number of granulocytes 
and later a preponderance of the lymphocytes. 

The course of the infection differs somewhat in the species which have proved 
susceptible. Following intraperitoneal inoculation, Cytacetes appears with great 
regularity in the leucocytes of the circulating blood of the vole, the mouse and 
the rat by the end of 4 days. The leucocytes of white-footed mice showed no 
organisms 3 days after inoculation, but infected cells were found before the end 
of the eighth day. The duration of obvious infection, as based on microscopic 
demonstration in the infected leucocytes, as well as the degree of infection, 
varies with the host species. In the local species of deer mouse, Peromyscus 
leucopus, whether normal or splenectomized, infection is light and of brief 
duration and the organism may disappear from the leucocytes before the end 
of 12 days. A single splenectomized animal of the species Peromyscus eremicus 
yielded a very heavy infection, 90% of the granulocytes and 20% of the 
lymphocytes being parasitized. In the splenectomized white rat, the infection 
may be very heavy, with as high as 83% of the granulocytes invaded, but it 
may disappear within a period of 5 weeks. In the common mouse the infection 
is perhaps somewhat lighter than in the rat, but in several instances has 
persisted for over 2 months with many of the granulocytes showing organisms, 
while one splenectomized mouse presented a heavy infection 109 days after 
inoculation. These mice, however, carried eperythrozoon as well as Cytacetes 
infection. In the small series of voles infected, the organism was no longer 
microscopically demonstrable 25 days after inoculation. In blood examinations 
made on large series of animals long after inoculation, an infected leucocyte is 
occasionally encountered; thus several were found in P. eremicus 84 days and 
in P. leucopus 72 days after inoculation. 

Susceptible host species. Cytacetes microti has been found infective for several 
species of small rodents, i.e. the white rat, the common tame mouse, the white- 
footed or deer mouse, Peromyscus leucopus, and the desert species, Peromyscus 








252 Cytcecetes microti 


eremicus, but both the normal and the splenectomized guinea-pig and the 
domestic rabbit proved refractory. A 6 weeks’ old kitten showed no evidence 
of infection after being injected with a large dose of infective blood. The 
inoculation of 6 weeks’ old chickens resulted in no infection as judged by blood 
examinations made at appropriate intervals. 

Effects of splenectomy. Splenectomies performed on a large series of animals 
including voles, white rats, tame mice and two species of Peromyscus, in some 
cases before, in others after inoculation have not been followed by extremely 
heavy infection. When Cytecetes is no longer demonstrable in the blood of an 
infected animal, splenectomy may bring about its reappearance. In inoculated 
rats carrying latent bartonella infection and in which Cytecetes was no longer 
demonstrable, splenectomy was followed within a few days by a severe 
bartonellosis and within a fortnight by a return of Cytecetes with 30% of the 
granulocytes parasitized. An inoculated vole in which Cytecetes had disap- 
peared from the leucocytes showed a return of this organism within 9 days 
after splenectomy. Similarly an inoculated mouse, the blood of which had 
become negative, showed a return of the organism 3 days after splenectomy 
with its numbers increasing up to the 7th day. Of two trapped voles, the 
spleens of which were infective for other animals, neither showed infected 
leucocytes after splenectomy. Blood films were examined at intervals, in one 
case for a period of 4 days, the other for a period of 14 months after the 
operation. While microscopically demonstrable infection lasted for 33 months 
in one splenectomized mouse, in others it died out much earlier, and the data 
at hand are insufficient to justify any conclusion as to the effect of this pro- 
cedure on the duration of the infection. The rather mild effects of splenectomy 
on Cytecetes infection are in marked contrast to its effect on latent bartonellosis 
in the rat and vole, and on latent eperythrozoon infection in the mouse. While 
there has been no immediate mortality in splenectomized trapped voles from 
bartonella, the blood has been found teeming with organisms of this type in 
from 3 to 5 days after splenectomy. There was a notable decrease in the number 
of bartonellae by the end of a fortnight in some animals, but observations 
carried over a period of 24 months have shown great fluctuations in the numbers 
of this organism present in the blood with a high level of infection at the end of 
this period. While these animals are not as fat as laboratory-reared voles, they 
show no obvious blood changes or other ill-effects from their bartonellosis 
notwithstanding complicating babesia, trypanosome and hemogregarine in- 
fections, one or more of which is carried by each animal. 


CLASSIFICATION 


The morphological similarity of the granulocyte-inhabiting organism to 
Aigyptianella pullorum Carpano (1928), an organism discovered by Balfour 
(1907) in the red blood cells of the chicken, is so striking that it is with some 
hesitation that the new genus Cytacetes is proposed. There appears to be, 
however, a much greater variety of forms in this organism than in Aigyptianella. 
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In the latter the vesiculate or ring forms predominate to such an extent that 
it requires considerable search to find non-vesiculate multiplication forms—at 
least in the preparations available, i.e. Giemsa-stained blood films from Prof. 
Brumpt’s laboratory, taken on successive days of the infection. Thus it has not 
been possible to distinguish two distinct developmental series in Agyptianella. 
The rings of the latter are coarser and take a much more intense stain than 
those of the vole parasite ; its minute forms resulting from multiplication have a 
more uniform morphology and appear as short intensely staining rods rather 
than coccoids. Nevertheless there can be little doubt as to the close relationship 
of the leucocyte parasite to the red-cell inhabiting organism. Difference in the 
type of cell parasitized is not regarded as of major importance. Both species 
are infective for various related host species, and with both the premunition to 
infection which develops is to some extent broken by splenectomy. (For 
observations on Aigyptianella, see Brumpt, 1930.) 

There appear no adequate grounds at present for the assumption that 
Cytacetes is of the nature of a protozoon. The great elasticity in its mode of 
development, the marked polymorphism of comparable developmental stages 
and its lack of well-defined nuclear structure are points which militate against 
its classification as such. While some products of division are elongate and 
have pointed ends, they are not regarded as merozoites nor is the division 
regarded as of the nature of schizogony. Since the author’s acquaintance with 
anaplasma is limited to the study of a small number of stained preparations, 
no opinion has been reached as to a possible relationship with this type of 
organism as suggested by Brumpt (1930) for Agyptianella. It is not seen, 
however, that it has any close relationship with organisms of the piroplasm 
type. 

Cytecetes was first observed in the blood of the vole in mixed infection with 
an eperythrozoon. The similarity in size and staining qualities of the latter 
with the small forms of the leucocyte parasite was so great (Fig. 49) that for a 
time the possibility of the various forms present belonging to a single species 
was seriously considered. This question was readily answered by transfer to 
other host species, which served to eliminate the eperythrozoon. Until more is 
known concerning the mode of multiplication of organisms of the eperythrozoon 
type, an expression of opinion as to the relationship of Cytacetes to organisms of 
the eperythrozoon, bartonella, rickettsia series would be premature. 

Thus, in the classification of the parasite here described, it is at present 
perhaps best to place it in a new genus incerte sedis, at the same time pointing 
out its close relationship to Zgyptianella pullorum. 


Cytoecetes (n.g.) 

Polymorphic, intracellular micro-organisms presenting two structurally 
distinct types, the vesiculate and non-vesiculate; multiplication being accom- 
plished either by an informal division into an indeterminate number of daughter 
forms or by binary fission, the process being of the nature of continuous cleavage 
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rather than of schizogony; the final products of division having in general a 
coccoid appearance. 
Type. Cytacetes microti. 


Cytcecetes microti (n. sp.) 


Cytacetes presenting (a) vesiculate forms having the appearance of delicate 
rings, the ring-like appearance being maintained throughout early cleavage, 
and (5) non-vesiculate forms appearing prior to division as inclusions of in- 
constant shape. Both types have weak affinities for stains customarily 
employed, except that there is an intensely staining peripheral line in ring 
forms. The multiplication masses are composed of small elements variable as 
to size and morphology, but usually coccoid in character. There is notable 
variability in the mode of development which is not limited within a given host 
cell to a single multiplicative cycle. 

Development in all types of granulocytes of the circulating blood and of the 
spleen and other organs, occasionally in lymphocytes. Infective for various 
small rodents for which it has not been shown to be notably pathogenic. 

Type host. Microtus pennsylvanicus. 

Type locality. Martha’s Vineyard, Mass. 


SUMMARY 


The morphology of a micro-organism, Cytecetes microti, new genus, new 
species, which invades the granulocytes and occasionally the lymphocytes, is 
described. It occurs naturally in the vole, Microtus pennsylvanicus, is trans- 
missible to white-footed mice, Peromyscus leucopus and Peromyscus eremicus, 
the common tame mouse, the white rat, but inoculations of guinea-pigs. 
domestic rabbits, a kitten and young chickens have resulted negatively. The 
only pathological effect attributable thus far to this organism is an increase in 
the number of granulocytes found in certain organs such as the spleen and 
adrenals, and degenerative changes in the individual cell invaded. Splenectomy 
performed soon after the microscopic disappearance of Cytacetes from the 
circulating blood may result in its reappearance, when it may occur in a con- 
siderable proportion of the granulocytes, but nevertheless in smaller numbers 
than at the height of early infection. Overwhelming infections have in no 
instance followed splenectomy. The probable relationship of the organism to 
Aigyptianella pullorum (Carpano, 1928) is pointed out, but grounds for placing 
it in a separate genus are presented. 
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EXPLANATION OF PLATES X AND XI 
PLATE X 


The photographs reproduced in this plate were taken from alcohol-fixed, dried films stained by 
the Giemsa method.! 

Fig. 1. “Ring forms” of Cytecetes in polymorphonuclear leucocytes collected in streaks at the end 
of the film. Rat (9337), blood 12th day after inoculation. x 1000. 

Fig. 2. Polymorphonuclear neutrophile with characteristic ring forms. Vole (9321), spleen 7th day. 

x 1560. 

Fig. 3. Two infected leucocytes, one showing rings, the other an aggregate of small elements and 
several small organisms distributed in the cytoplasm. Rat (9337), blood 12th day. x 1560. 

Fig. 4. Several collections of rounded elements, “‘coccoids,’’ within a leucocyte. Vole (9321), 
spleen 7th day. x 1560. : 

Fig. 5. Ring forms after division into sharp angular elements, one within loop of nucleus of 
neutrophile leucocyte, two above at periphery of cytoplasm. Rat (9337), blood 14th day. 

x 2000. 

Fig. 6. A crushed leucocyte showing an aggregate of rounded organisms, somewhat scattered 
sharp pointed elements and, above to the right of these, a late ring form with subdivision into 
eight elements. Same preparation. 

Fig. 7. Ill-defined non-vesiculate organisms distributed in the cytoplasm of an intensely stained 
neutrophile. Same preparation. 

Fig. 8. Two leucocytes presenting ill-defined organisms, certain portions of which stain more 
intensely. Rat (9337), blood 12th day. x 2000. 

Fig. 9. Multiplication forms showing coarse elements. A leucocyte, the nucleus of which is seen 
below and to the left, shows several rings. Same preparation. 

Fig. 10. Above, a neutrophile containing an aggregate of sharp-ended elements; below, an eosino- 

phile with a collection of rounded bodies and also several rings. Vole (9321), spleen 7th day. 

x 2000. 

lla. Above to left, two dense mulberry-like masses in which there are deeply stained points; 

to left and below, lune-like elements: all derived from a crushed leucocyte, a portion of the 

nucleus of which is visible. Vole (9329), blood 6th day. x 1560. 

Fig. 116. Small coccoid forms from crushed neutrophile leucocyte. Rat (9347), blood 11th day. 
x 2000. 


Fiz 


Be 


PLATE Xl 
The figures of this plate were drawn with the aid of the camera lucida from alcohol-fixed, dried 
films stained by the Giemsa method, except in a few instances when films stained by the May- 
Griinwald modification of the Giemsa method were utilized. All figures drawn at a magnification 
of 2000. 
Fig. 12. Early development of Cytecetes in a polymorphonuclear neutrophile. Small unevenly 
stained organisms and somewhat larger vesicular forms. Rat (9337), blood 12th day. 


1 The author is indebted to Dr Quentin Geiman for photographic work in the preparation of 
this plate. 
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. 13. Vesicular forms, rings, deeply stained without distinctive structural features. Mouse 
(9326), blood 19th day. 

14. Leucocyte with several rings and a multiplication group of Cytecetes. Vole (9321), spleen 
7th day. 

15. Ring forms showing peripheral subdivision, also a multiplication group. Same preparation 
as Fig. 14. 

16. Leucocyte with two rings the larger of which shows subdivision into crescent-shaped 
elements. Vole (9327), blood 4th day. 

17. A crushed leucocyte with two small ring forms showing characteristic cleavage. Rat 
(9337), blood 68 days after inoculation, 14 days after splenectomy. 

18. Eosinophile showing cruciform cleft in ring forms with subdivision into four elements. 
From same preparation as preceding figure. 

19. Ring forms of Cytecetes in an eosinophile, the largest showing cleavage into eight wedge. 
shaped elements. Vole (9327), blood 5th day. 

20. A ring form showing opposite pairs of peripheral granules connected by faintly stained 
filaments. A large structureless ring to right below nucleus of leucocyte. Rat (9337), blood 
12th day. 

21. Ring form of Cytecetes showing opposed peripheral granules connected by filaments 
furnishing a lattice-like appearance. Rat (9337), blood 70 days after inoculation, 16 days 
after splenectomy. 

22. Subdivision of ring with some elements extending inward from broken deeply stained 
peripheral portion. Vole (9321), spleen 7th day. 

23. Division in ring forms with the production of faintly staining coccoids: segments of 
peripheral ring square-ended. Same preparation. 
24. Multiplication in ring form. Outer portion of peripheral coccoids intensely stained. Same 
preparation. 

25. Multiplication in ring form. Vole (9321), heart’s blood 7th day. 

26. Multiplication in ring form. Band-like elements with terminal portions intensely stained, 
suggestive of binary division. Mouse (9352), blood 14th day. 
27. Rod-like forms of Cytecetes, probably representing further attenuation of the elements of 
the type seen in the preceding figure. Vole (9321), spleen 7th day. 

28. Eosinophile leucocyte with a collection of coccoid elements derived from a ring form. 
Mouse (9326), blood 19th day. 

29. Leucocyte with young forms of Cytgcetes. (Small elements such as the smallest of the 
three seen may either become vesicular, develop into rings or grow and multiply without 
vesiculation.) Mouse (9352), blood 12th day. 

30. Irregular form, unevenly stained. Vole (9321), spleen 7th day. 
31. Multiple infection of a polymorphonuclear neutrophile which shows nuclear degeneration. 
The organisms here show no more than a slight tendency to vesiculation and present multiple 
deeply stained granules. Mouse (9352), blood 12th day. 

32. Three masses in cytoplasm of leucocyte, each with deeply stained granules. Vole (9321), 
spleen 7th day. 

33. Non-vesicular multiplication form. Arrangement suggestive of schizogony. Same 
preparation. 

34. Slender bands or rods possibly representing elements in process of division. Same 
preparation. 

35. A group of coccoids. Mouse (9326), bone marrow 14th day. 

36. Small coccoids with intense central staining. Vole (9321), spleen 7th day. 

37. A collection of large reddish coccoids with interior portion stained dull bluish. Several 
small rings. Rat (9337), blood 10th day. 

38. A collection of unevenly stained shapeless or angular forms. Mouse (9353), blood 6th day. 
39. Collection of pyramidal or irregularly angular forms with projecting points deeply stained. 
Vole (9321), spleen 7th day. 
. 40. Three collections of forms, similar to those of preceding figure in an eosinophile leucocyte. 
Same preparation. 
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ig. 41. A large collection of coarse indefinitely outlined elements, with central portion more 


intensely stained, eosinophile leucocyte. Same preparation. 


ig. 42. Two collections of elements similar to those of preceding figure. Neutrophile. Same 


preparation. 


. 43. A collection of coarse elements with tendency toward linear arrangement. Vole (9321) 


kidney 7th day. 


ig. 44. Very minute elements with deep central staining. Vole (9321), spleen 7th day. 
ig. 45. A collection of coarse coccoids, central portions stained bluish. Mouse (9326), spleen, 


19th day. 


. 46. Ring-like coccoids derived from a crushed leucocyte. Mouse (9352), free of eperythro- 


zoon, blood 14th day. 


ig. 47. Coccoids in two contiguous neutrophiles. The group to the left shows coccoids with 


Fig. 


Fig. 


Fig. 


reddish peripheral and faintly bluish central staining, that to the right shows elements with 
intensely stained central portions, otherwise dull purplish with faint contours. Same prepara- 
tion. 

48. A disintegrating eosinophile with a collection of coarse coccoids with central portions 
staining blue. Vole (9328), spleen 21st day. 

49. Cytecetes in mixed infection with eperythrozoon. There is a striking similarity in examples 
of the latter in the plasma or adherent to the red corpuscles and the small rings within the 
leucocytes. Vole (9321), heart’s blood 7th day. 

50. A crushed leucocyte showing delicate coccoids. Rat (9347), blood 11th day. (Shown 
also in Fig. 11b. The different processes in the reproduction of the two figures have tended 
to increase a slight discrepancy as to the size of the coccoid elements found on comparing 
the original photograph and drawing.—Author’s note.) 


(MS. received for publication 16. 1x. 1937.—Ed.) 





NEW SPECIES OF TRICHONEMINAE [NEMATODA] 
FROM AUSTRALIAN KANGAROOS 


By D. G. DAVEY anv W. A. WOOD 
(With 12 Figures in the Text) 


THE four new species of Macropostrongylus Yorke & Maplestone, 1926, and the 
one new species of Pharyngostrongylus Yorke & Maplestone, 1926, which are 
described in this paper formed part of a collection of nematodes obtained by 
the Australian Institute of Tropical Medicine, and forwarded by Dr G. M. 
Heydon to the British Museum (Natural History). Co-type specimens will be 
deposited in both institutions. 

The work of identification and classification of the large number of specimens 
included in the collection was begun by Colonel Wood in the Institute of 
Animal Pathology, Cambridge University. After almost completing the task of 
classifying the specimens into known and unknown species, Colonel Wood 
could not, unfortunately, find the time to bring the work to a satisfactory close 
and describe the new species, and he kindly gave Dr Davey the opportunity to 
do this. The latter author worked at first in the Institute of Animal Pathology, 
and later, through the kindness of Prof. EK. E. Tyzzer, in the Department of 
Comparative Pathology, Harvard Medical School. Both the authors are 
indebted to Dr H. A. Baylis of the British Museum (Natural History) for his 
very helpful assistance. 


Fam. STRONGYLIDAE 
Subfam. TRICHONEMINAE 
Macropostrongylus cornutus, n.sp. 

Host: Macropus agilis (the “agile wallaby’’). 

Habitat: Stomach. 

Locality: Cromarty, Queensland. 

Measurements. Length of female, 8-10 mm.; of male, 6-8 mm. Cuticular 
striations wide apart, the distance between them varying from 25 to 37. in 
different regions of the body. Distance from the anterior extremity to the 
cervical papillae, 0-11-0-14 mm. Head-end 0-04-0-05 mm. wide. Buccal 
capsule about 8. deep. Length of oesophagus, 0-53-0-63 mm. Excretory pore 
situated at about the level of the base of the oesophagus or a little posterior to 
this level. Distance from vulva to anus, 0-10-0-13 mm.; from anus to tip of 
tail, 0-12-0-15 mm. Length of spicules, 1-4-1-5 mm. 

The head (Fig. 1) carries two small lateral papillae and four prominent 
submedian papillae; its cuticle may be inflated to form a conspicuous collar 
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encircling the mouth. The four submedian papillae, each made up of three 
fairly large joints, are generally much bigger than the corresponding papillae 
of the other species of the genus which have so far been described. The large, 
spine-like elements of the leaf-crown are relatively few in number (6-8), and 
project beyond the mouth-collar. The oesophagus is club-shaped ; the granular 
structure which Baylis (1927) described at the junction of the oesophagus and 
intestine in Macropostrongylus yorkei, and which he pointed out was present 
also in the genotype and in M. australis, is absent from M. cornutus. 








Fig. 1. Macropostrongylus cornutus. Anterior end of male; ventral view. 
Fig. 2. Macropostrongylus cornutus. Posterior end of female. 


The female tail (Fig. 2) is short and conical in shape. In the male a prominent 
genital cone is present. The bursa has the general characters given in the 
description of the genus by Yorke & Maplestone (1926); each branch of the 
dorsal ray, as in M. australis, gives off, near its termination, a short lateral 
branch. The spicules are similar to those in the other species of the genus. 


Macropostrongylus minor, n.sp. 


Host: Macropus robustus. 

Habitat: Stomach. 

Locality: Yabulu, near Townsville, Queensland. 

Measurements. Length of female, 5-7 mm.; of male, 4-5 mm. Cuticular 
striations wide apart, the distance between them varying from 15-21. in 
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different regions of the body. Buccal capsule about 7. deep. Length of 
oesophagus, 0-47-0-53 mm. in the female, and 0-45-0-48 mm. in the male. 
Excretory pore about 0-5 mm. from the anterior end. Distance from vulva 
to anus, 0-16-0-21 mm.; from anus to tip of tail, 0-20-0-30 mm. Length of 
spicules 2-0-2-3 mm. 
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Fig. 3. Macropostrongylus minor. Anterior end of female; ventral view. 
Fig. 4. Macropostrongylus minor. Posterior end of male; lateral view. 
Fig. 5. Macropostrongylus minor. Posterior end of female. 


The anterior end of this species (Fig. 3) closely resembles that of M. australis. 
There are two lateral and four submedian head papillae, each of the latter 
bearing a small distal joint, and the 6-8 elements of the leaf-crown project 
beyond the mouth collar. The base of the buccal capsule is indicated by a thin 
shelf. Unlike M. australis, this species has no granular structure at the junction 
of the club-shaped oesophagus with the intestine. The spicules and the bursa 
(Fig. 4) are similar to the corresponding structures in M, australis, but the tail 
of the female (Fig. 5) is longer and more slender than in the latter species. 
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It will be apparent that many of the features of M. minor are much like 
those of M. australis, and merely differ by being reduced in size. It might 
be thought that Macropus robustus is a more refractory host for M. 
australis than is, say, Macropus agilis, and that this is all that the differences 
in the measurements imply ; but if this were true it would be difficult to under- 
stand why, when such structures as the buccal capsule, the oseophagus, and 
the spicules are generally smaller, others like the female tail should be larger, 
and why the distance between the vulva and the anus should be greater. 
Considering these facts, and remembering also the absence of the granular 
structure from the base of the oesophagus, it would seem that Macropostrongylus 
minor is a distinct species. 


Macropostrongylus macrostoma, n.sp. 


Host: Macropus robustus. 

Habitat: Stomach. 

Locality: Yabulu, Queensland. 

Measurements. Length of female, 18-27 mm.; of male, 9-11 mm. Cuticular 
striations close together, about 4. apart. Buccal capsule 100-110. deep, 
much deeper than broad. Excretory pore about 3-30 mm. from the anterior 
end. Length of oesophagus, 3-9-4-8 mm. in the female; 2-9-3-4 mm. in the 
male. Distance from vulva to anus, 0-30-0-41 mm.; from anus to tip of tail, 
0-28-0-36 mm. Length of spicules, 0-9-1-08 mm. 

The head (Fig. 6) carries four small submedian papillae, each having a short 
digitiform projection from its base; and two large, lateral, dome-like structures 
or bosses, which appear to be slightly perforated at their summits. The cuticular 
border of the mouth (see Fig. 6, 6) extends inwards dorsally, ventrally, laterally 
and submedially, the submedian extensions being the smallest and the lateral 
the largest. As a result of the great development of these flanges of cuticle the 
effective aperture of the mouth is considerably lessened. The leaf-crown, if 
present, was not observed. The large buccal capsule is heavily chitinised, so 
heavily that its walls have rugged contours, or appear to be of uneven width, 
which may be also true of the well-developed shelf at the base of the capsule. 
The oesophagus is long, thin and club-shaped, and at its junction with the 
intestine there is a pair of granular structures (Fig. 7) similar to those in 
Macropostrongylus yorkei. 

The tail of the female is short and conical in shape. The bursa (Fig. 8) 
possesses the general characteristics laid down for the genus; the dorsal ray is 
large and prominent, and each of its main branches gives off, about half-way 
along its course, a short lateral branch. The spicules are delicate structures, 
transversely striated, and terminate in small knobs, the termination of the one 
being enclosed with that of the other in a common membrane, an arrangement 
which is much like that obtaining in M. yorkei. 
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5. (a) Macropostrongylus macrostoma. Anterior end of female; lateral view. 
(6) Macropostrongylus macrostoma. Mouth; end-on view. 
Macropostrongylus macrostoma. The paired glands at the junction of 

oesophagus and intestine. 
Macropostrongylus macrostoma. Posterior end of male; dorsal view. 
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Macropostrongylus labiatus, n.sp. 


Host: Macropus robustus. 

Habitat: Stomach. 

Locality: Yabulu, Queensland. 

Measurements. Length of female, 8-10 mm.; of male, 8-9 mm. True 
cuticular striations absent; other annulations, wide apart, due to contraction 
of the cuticle, may be present. Cervical papillae situated about 85. from the 
anterior end, which position is near the level of the base of the buccal capsule. 
Distance from anterior extremity to excretory pore, 0:45-0:54 mm. Buccal 
capsule 76-84». deep, and 20-30. wide, the width varying in different parts, 
being least in the middle region and greatest at the anterior margin or at the 
base. Length of oesophagus, 3-3-3-6 mm. in the female; 2-8-2-9 mm. in the 
male. Distance from vulva to anus, 0-20-0-24 mm.; from anus to tip of tail, 
0-35-0-42 mm. Length of spicules, 2-9-3-2 mm. 

At the anterior extremity (Fig. 9) the cuticle is inflated laterally to form 
prominent lips which, viewed from the side, give this end a smooth, rounded 
appearance and, viewed dorsally or ventrally, bound a depression leading to 
the mouth. Swelling outwards and curving back to meet the rest of the body, 
these lips might be used to demarcate the extension of the head. The head 
papillae are small, and the prolongations of the four submedian ones are so 
reduced that each is represented only by a fine, hair-like strand arising from 
the shallow base of the papilla. A leaf-crown is doubtfully present; it may be 
represented by what appeared to be a number of very small elements barely 
discernible at the mouth margin in a few specimens. At the base of the buccal 
capsule almost tooth-like shelves project from its thick, chitinous walls into 
the cavity of the capsule, an anterior shelf ventrally and a posterior shelf 
dorsally. The long oesophagus is thin and club-shaped; a granular structure 
consisting of two lateral lobes, each ellipsoid in shape, lies at its junction with 
the intestine. Running the length of the male are four bands of submedian 
longitudinal muscle fibres. 

The tail of the female tapers to a slender point. Several of the component 
parts of the bursa differ somewhat from the corresponding parts in the bursae 
of the other species of Macropostrongylus. As is usual in this genus, there are 
distinct ventral, lateral and dorsal lobes, but in M. labiatus the structure of 
these lobes, apparently formed from numerous small rods placed end to end 
in lines, is a much more noticeable feature than it is in the other species. The 
lobes—and especially the lateral lobes—have the appearance of being both 
striated and stippled. The general arrangement of all the rays is shown in 
Fig. 10, and it will be sufficient here to emphasize the form of the dorsal ray only, 
noting that the short lateral branches arise close to its point of bifurcation into 
the long main branches. The spicules are of the generic type; long, simple, 
transversely striated, and terminating in simple points. 
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Pharyngostrongylus ornatus, n.sp. 


Host: Macropus robustus. 

Habitat: Stomach. 

Locality: Yabulu, Queensland. 

The material on which this description is based comprised only five specimens, 
four females and one male. The latter was damaged posteriorly and had its 











Fig. 9. (a) Macropostrongylus labiatus. Anterior end, lateral view. 
(6) Macropostrongylus labiatus. Anterior end; ventral view. 
Fig. 10. (a) Macropestrongylus labiatus. Lateral view of bursa. 
(b) Macropostrongylus labiatus. Dorsal lobe and ray. 


spicules protruding through the body wall. It is very probable that the 
measurements of this species are more variable than is indicated in the following 
list. 
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Measurements. Length of female, 9-10 mm.; of male, 9 mm. Cuticle very 
finely striated, the striations lying about 2-3. apart. Distance from the 
anterior extremity to the cervical papillae, about 70.; to the excretory pore, 
0-36-0-40 mm. Elements of the leaf-crown project 13-15. beyond the mouth 
margin. Buccal capsule 5-6. deep. Vestibule or pharynx 120-140. long, 
28. wide in the female; 100u. long, 28. wide in the male. Length of 
oesophagus, 1-8-2-0 mm. in the female; 1-5 mm. in the male. Distance from 
vulva to anus, 0-35-0-39 mm. ; from anus to tip of tail, 0-36-0-42 mm. Length 
of spicules, 1-45 mm. 



















%, 


SS 


Uf, 













pasate 








11 


Fig. 11. Pharyngostrongylus ornatus. Anterior end of female; lateral view. 
Fig. 12. Pharyngostrongylus ornatus. Bursa; lateral view. 


The head (Fig. 11) carries four submedian and two lateral papillae, each 
of which is made up of two segments, the basal segment wide and shallow, 
the distal rounded and small. The leaf-crown is a conspicuous feature; its 
elements, 10-12 in number, are large and spine-like, and project beyond the 
margin of the mouth collar. The shallow buccal capsule passes into the pharynx 
or vestibule, the walls of which are chitinous and heavily ringed, and this leads 
into the slender, club-shaped oesophagus. Enclosing the base of the oesophagus, 
but not continued on to the intestine, is a granular structure which is apparently 
composed of two lobes lying dorsally and ventrally respectively, and which has 
a counterpart in Pharyngostrongylus macropodis, although it is not mentioned 
in the brief description of that species given by Yorke and Maplestone (1926). 
Four bands of submedian longitudinal muscles run the length of the male. 
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The tail of the female is slender and tapering. The bursa, from what could be 
seen in the one male specimen (Fig. 12), is apparently very similar to that in 
P. macropodis. The spicules are, as usual, transversely striated, and end in 
simple points. ; 4 
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NOTES ON THE OCCURRENCE OF ACANTHOCEPHALA 
IN PACIFIC FISHES 


I. ECHINORHYNCHUS GADI (ZOEGA) MULLER IN SALMON AND 
E. LAGENIFORMIS SP. NOV. AND CORYNOSOMA STRUMOSUM 
(RUDOLPHI) IN TWO SPECIES OF FLOUNDER 


By ELLA EKBAUM 


University of Toronto, Toronto, Canada 
(With 5 Figures in the Text) 


Echinorhynchus gadi (Zoega) Miiller 


Synonym. Echinorhynchus acus Rud; E. socialis Leidy; E. hepaticola v. Linstow; 
E. arcticus v. Linstow. 


This species has not previously been recorded from the west coast of North 
America and no species of Acanthocephala has hitherto been known to occur 
in any of the various species of Pacific salmon in British Columbian waters. 

Zschokke & Heitz (1914) and Heitz (1920) state that H. gadi is a common 
and abundant parasite of Oncorhynchus nerka, O. keta and O. tschawytscha in 
Kamtschatkan waters. They found that individuals isolated from these hosts 
agreed in all particulars with the characters given by Liihe (1911), except that 
they were considerably smaller. Fujita (1920) records Echinorhynchus gadi 
from the intestine of Oncorhynchus nerka in Japan. 

The present report is based on the examination of various species of the 
genus Oncorhynchus taken in British Columbian waters. The observations 
extended to a limited area and were carried out for only a short period. 

The results are summarized in Table I. The number of fish of each species 
examined, the date of examination, the proportion of individuals of each 
species examined which was found infected with Echinorhynchus gadi, and 
the number of these parasites found in each host are given. The majority of 
examinations were made at the Steveston cannery on the Fraser River and in 
these cases the exact point of capture of the fish is unknown, but it was 
probably in the section of the Fraser River between the mouth and the cannery. 
The others were caught at the entrance of Departure Bay and off Five Fingers 
Island. 

All the parasites found were immature and at about the same stage of 
development. Immature individuals taken from Oncorhynchus spp. were 
carefully compared with the specimens at the same stage of development taken 
from Melanogrammus aeglefinus, Pollachius virens and Gadus callarias from 











268 Acanthocephala in Pacific Fishes 


Atlantic waters and complete agreement was found in all respects. The length 
of the individuals from Oncorhynchus spp. varies from 10 to 25 mm., the width 
from 0-6 to 1-2mm. The proboscis is from 0-4 to 0-6 mm. long and 0-2 mm. 
wide. The number of longitudinal rows of hooks on the proboscis varies from 
18 to 20, and there are 12-13 hooks in each row. The receptaculum is 1-2- 
1-5 mm. long and the lemnisci 1-2-1-4 mm. The testes are 0-6-0-8 mm. long 
and 0-2-0-4 mm. wide. The cement glands are arranged linearly, which is 
characteristic of the species. They vary from 0-2 to 0-4 mm. in diameter. 
When killed and preserved fully extended the anterior portion of the body is 
noticeably enlarged, especially in females. This characteristic has also been 
found common among individual parasites obtained from the Atlantic hosts. 
The observations were not continued over a sufficiently long period to 
determine whether the parasite attains the same size (up to 80 mm.) in 
Oncorhynchus spp. as it does in gadids. As already mentioned, Zschokke & 
Heitz found it did not do so in the species of salmon examined by them. 


Table I. Examination of various species of Oncorhynchus for infection 
with Echinorhynchus gadi 


No. of No. of 
Date of fish ex- No. E. gadi 
Host Locality capture amined infected found 
Oncorhynchus kisutch Entrance of Departure Bay 18. vi. 34 2 ‘ ° 
O. kisutch i 22 1 1 4 
O. kisutch ‘ 5. viii. 34 1 1 19 
O. nerka Steveston cannery 7 72 2 2-3 
O. keta 9 7 13 2 1-2 
O. gorbuscha je 7 10 1 2 
O. kisutch * 7 53 12 5-20 
O. kisutch Entrance of Departure Bay 22 1 . 
O. tschawytscha a 30 I ‘ 
O. kisutch Off Five Fingers Island 30 3 3 26-108 
O. kisutch Entrance of Departure Bay 6. ix. 34 1 1 240 
O. kisutch *” 13 2 2 84-180 
O. tschawytscha a 13 1 1 76 
O. kisutch Departure Bay 17. xi. 36 2 P 
O. kisutch * 1. xii. 36 1 
O. tschawytscha si 1 2 


Oncorhynchus nerka was found to be only very slightly infected with 
Echinorhynchus gadi. Out of 72 fish examined only 2 were infected and each of 
these carried only 2-3 parasites. This is not in accordance with the findings of 
Zschokke & Heitz. It is extremely probable that the difference is due to the 
fact that the fish examined here were not feeding, while those of the above 
authors were taken during the period of active feeding. 

Much larger numbers of EF. gadi were found in Oncorhynchus kisutch and 
O. tschawytscha than in other species of Oncorhynchus. In cases of these fish 
caught late in August and early September infection was very heavy. The 
parasites were free in the stomach; in the intestine they were both free and 
attached to the wall of the lower part. 

It was possible to examine the stomach contents of fish caught in the 
neighbourhood of Departure Bay more carefully than of those handled at the 
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Steveston cannery. The food was found to consist mainly of Amphipoda and 
megalopae of Cancer sp. (probably C. magister), and in lesser degree of the 
euphausid, Euphausia pacifica Hansen. In some cases only young herring 
were found in the alimentary tract. 

In examining the food material of the fish the life history of the parasite 
was made apparent. The amphipod, Cyphocaris challengeri Stebbing, which is 
said to be abundant at depths of 50 fathoms or more, was found to be the 
intermediary host of Echinorhynchus gadi. Other species of Amphipoda may 
possibly also serve as intermediary hosts since several occur in the food, but 
individuals of EZ. gadi were found infecting Cyphocaris challengeri only. Much 
of the amphipod food was too much digested to be identified. Specimens of 
C. challengeri found in the stomach and intestine of Oncorhynchus kisutsch 
and O. tschawytscha were infected with Echinorhynchus gadi, and many of the 
parasites had left the amphipod host and were found free in the food material. 

The parasite is usually curled up in a close spiral within the coelom of the 
amphipod, or it may be only doubled over and extended along the longitudinal 
axis of the coelom. When dissected out and preserved in the extended con- 
dition, the parasite, particularly the female, is longer than the amphipod host. 
There was usually only one parasite, rarely two, in each amphipod. 

The parasites, freed from the amphipods, were carefully studied and 
compared with those loose in the stomach or attached to the intestinal wall 
of the various species of Oncorhynchus. They were found to agree in all 
essential characters and to correspond with the immature individuals of 
Echinorhynchus gadi taken from various Atlantic fishes. Those taken from the 
lower part of the intestine of Oncorhynchus showed a more advanced stage of 
development than those found free in the stomach of the fish or in the coelom 
of the amphipod host. The parasites assume all the recognizable adult 
characters of Echinorhynchus gadi within the amphipod host, the sexual 
differences being clearly established. In the case of some male parasites dis- 
sected out of the amphipod the development of the cement glands was in- 
complete. The fate of such a parasite set free prematurely is unknown. It is 
possible that the development is continued in the definitive host, or the parasite 
may die. Amphipoda are apparently the only intermediary hosts for E. gadz, 
and there appear to be no subsequent carriers. 

It is of interest to note that this parasite has been known for more than 
150 years and is common in numerous holarctic fishes, but nothing was known 
about its development until Nybelin (1923, 1924) discovered and studied its 
life history; it was the first instance in which the development of any marine 
acanthocephalan was followed. This author found the following Amphipoda 
serving as intermediate hosts for E. gadi: Amphithée rubricata (Mont.), 
Calliopius rathkei (Zaddach), Gammarus locusta (L.) and Pontoporeia femorata 
Kroyer. 

Echinorhynchus gadi has been recorded from numerous Atlantic fishes by 
Linton (1900, 1901, 1914, 1933) and from Canadian Arctic fishes by Van 
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Cleave (1920). It has been found infecting other Pacific fishes than those dealt 
with in this paper, but particulars of these cases will be reserved for a later 
communication. 


Echinorhynchus lageniformis sp. nov. 


This species is one of the commonest intestinal parasites of the Starry 
flounder, Platichthys stellatus (Pallas), caught in the shore waters of Departure 
Bay, Vancouver Island. It has also been found in a few cases infecting the 
Two-lined flounder, Lepidopsetta bilineata (Ayres). It appears to be a distinct 
species which has, hitherto, not been described. 

Layman (1930) studying the parasitic worms from the fishes of Peter the 
Great Bay found 33-3 % of Platichthys stellatus infected with Acanthocephala, 
but he did not identify the parasite. 

Out of 116 specimens of the Starry flounder examined for the presence of 
the parasite 31 (26-7 °%) were found infected with Echinorhynchus lageniformis. 
These figures exclude fish under 100 mm. long which were never found infected. 
Particulars of the infected fish are summarized in Table II. With the single 
exception of the largest specimen (335 mm.) taken on 27 June 1934, which 


Table II. Examination of the Starry flounder, P. stellatus, for infection 
with E. lageniformis 





P. stellaius E. lageniformis 
ee A ma) —A. ‘ 
Length in No. of 2 No. of 3 
Date of capture mm. Sex found found 

4, vi. 34 260 3 9 ° 

9 195 3 17 4 
25 196 3 15 , 
25 205 3 19 5 
27 335 3 2 : 
27 234 3 6 1 
27 112 3 13 ‘ 
27 142 3 9 6 
27 108 3 58 39 
13. vii. 34 140 g 18 10 
13 305 2 7 
24 217 3 28 2 
24 245 g 14 . 
24 238 3 20 4 
24 224 3 8 1 
25 242 9 7 2 
25 154 3 Ki 2 

6. viii. 34 234 3 9 ° 
22 230 3 16 1 
22 220 2 + ° 
22 252 2 5 . 
22 247 3 2 
22 312 2 3 ‘ 
22. x. 34 230 3 8 ° 
10. iii. 36 180 2 10 2 
10 220 g 5 ° 
10 190 3 12 1 
17. xi. 36 270 3 4 ‘ 
30 240 3 28 
30 245 3 3 

1. xii. 36 268 2 10 1 
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came from False Narrows, a point some 10 miles from Departure Bay, all were 
taken in the latter locality. It is interesting to note that, although the average 
catch of fish showed a slightly larger proportion of females to males, the male 
fish were more frequently infected. It will be seen from the table that, in those 
cases in which both sexes of the parasite were present, the females were always 
more numerous. In the instances in which parasites of only one sex occurred, 
these were invariably females; this was the condition in about half of the cases 





Echinorhynchus lageniformis sp. nov. 
Fig. 1. Female with ripe eggs. 
Fig. 2. Male, with the genital bursa extruded, two testes and six cement glands 
grouped closely together. 
Fig. 3. Ripe egg. 
Fig. 4. Proboscis. 
Fig. 5. Female parasites attached to the intestinal wall of Platichthys stellatus. 


recorded. This is, no doubt, to be attributed to the fact that most of the 
females become attached to the intestinal wall (Fig. 3) of the host, which is, 
indeed, frequently completely pierced by the proboscis and anterior portion 
of the parasite. The male and immature parasites are found either completely 
free or very lightly attached. The region of the intestine usually found occupied 
is that immediately following the connexion with the stomach, but occasionally 
the parasite may be found throughout its length. Several cases of encysted 
parasites have been encountered in the abdominal cavity. In some instances 
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complete atrophy of the parasites had occurred, among which were females 
with mature eggs in the uterus. These conditions are, however, regarded as 
abnormal. 

The occurrence of E. lageniformis in Platichthys stellatus is apparently not 
seasonal since mature and immature individuals were both found in March, 
June, July, August, October, November and December. Data for other 
months are not available. 

Sexual dimorphism is very marked in this parasite. The female has the 
shape of a Florence flask (Fig. 1) and the male is fusiform (Fig. 2). This 
morphological differentiation is already apparent in the individuals not more 
than 1-5 mm. long. The colour of the parasite may vary from white through 
grey to orange, but, as in the case of all Acanthocephala, this characteristic is 
of no significance, since it varies with the food of the host. 

Diagnosis. Small Acanthocephala with marked sexual dimorphism. The 
proboscis, 0-25-0-4 mm. long, is cylindrical or, more frequently, dilated in the 
median region. Proboscis hooks are arranged in 14~16 longitudinal rows of 
8-10 hooks each. Apical hooks 0-045-0-050 mm. long, median hooks 0-050- 
0-055 mm., basal hooks 0-035-0-040 mm. The neck is short and conical. The 
receptaculum is 0-8-1-2 mm. long, the lemnisci slightly longer if not con- 
tracted. The central nervous system near centre of receptaculum. 

Female. The length varies from 2-5 to 6-5 mm. The greatest diameter of 
the bulbous posterior portion of the body varies from 1-2 to 2-2 mm., that of 
the cylindrical anterior portion from 0-4 to 0-7 mm. The eggs are 0-065- 
0-080 mm. long and 0-015-0-020 mm. wide. 

Male. The length varies from 1-5 to 5mm. The greatest diameter 0-5- 
0-8 mm., is posterior to the mid-region of the body. The testes are placed 
obliquely and vary from 0-3 to 0-5 mm. in length and 0-2-0-35 mm. in width. 
Six pear-shaped cement glands, 0-2-0-25 mm. long and 0-1-0-15 mm. wide, are 
close together. 

Host: Platichthys stellatus (Pallas) and, occasionally, Lepidopsetta bilineata 
(Ayres). 

Locality: Departure Bay, B.C. 

Type specimens and paratypes in the author’s collection. 

The alternative host of this parasite is unknown, but since the food of the 
hosts consists in large part of shore Amphipoda and Isopoda it is probable that 
one or more of these serves in this capacity. 


Corynosoma strumosum (Rudolphi) 


Synonym. Echinorynchus strumosus Rud.; EL. ventricosus Rud.; E. gibbosus Rud.; 
E. hystrix Bremser; E. gibber Olsson; £. striatus Villot. 


The larval form of this species has been found encysted in the liver, 
mesenteries and intestinal wall of Platichthys stellatus and of Lepidopsetta 
bilineata. It has not previously been recorded from the west coast of 
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Canada. It is easily identified by the dilated anterior region and the long 
cylindrical posterior region and by the anterior cuticular spines, which extend 
farther posteriorly on the ventral than on the dorsal surface. Good descrip- 
tions and figures are given by Liihe (1911) and by Meyer (1932). The parasite 
recorded here was compared with these descriptions and with actual specimens 
from Europe. 

Of the specimens of Platichthys stellatus examined, 13-8°% were found 
infected with this parasite. In some cases the infection was very heavy; as 
many as 120 larvae were encountered in one host. In others only a few parasites 
were present. The parasite is closely coiled in the oval cysts. 

Infection in Lepidopsetta bilineata seems to be less frequent. Out of 
30 specimens of this fish examined only two contained the parasite. 

Nybelin (1923) first suggested that Corynosoma larvae in fishes underwent 
their earlier development in some species of arthropod. In 1924 he showed that 
the postembryonic development took place in certain Amphipoda. When these 
are eaten by fishes the parasites are set free in the alimentary canal, make their 
way into the body cavity and encapsulate in the peritoneum, where they 
remain, without undergoing any further development, until the fish is eaten 
by a mammal or bird. When this occurs the parasite is set free in the mammal 
or bird where it becomes sexually mature. In the life history of Corynosoma 
the fish plays only the part of a carrier. 

It is not yet known what animals serve as intermediate and definitive hosts 
respectively for this parasite on the Pacific coast of Canada, 


SUMMARY 


Echinorhynchus gadi (Zoega) Miiller has been found parasitic in various 
species of Pacific salmon. The amphipod Cyphocaris challenger Stebbing serves 
as an intermediary host for this parasite in the region in which the investiga- 
tions were carried out. 

Echinorhynchus lageniformis sp.nov. and Corynosoma strumosum (Rudolphi) 
both parasitic in the Starry flounder (Platichthys stellatus (Pallas)) and the 
Two-lined flounder (Lepidopsetta lilineata (Ayres)) are recorded with data on 
their occurrence. 


The author wishes to express her appreciation to the Biological Board of 
Canada and to the University of Toronto for the facilities afforded her at the 
Pacific Biological Station and the Department of Biology respectively, which 
have enabled this work to be carried out. 
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